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Novel Metal loproteinase Inhibitors 

Ei^ eld o f — fch« — Invention - 

The present invention relates to novel compounds 
which inhibit metal loproteinases , intermediates for the 
production thereof and processes for producing the same. 
More preferably, the present invention relates to novel 
compounds, having advantageous biological properties such 
as excellent oral bioavailability, which inhibit vertebrate 
matrix metal loproteinases (MMPs) and/or tumor necrosis factor-# 
( TNF- CI (-converting enzymes (TNF-<2 convertases ) , intermediates 
for the production thereof and processes for producing the same. 

Background of tho — Invor r biun 

Among metal loproteinases , matrix metal loproteinases 
("MMPs") are a family of endoproteinases containing zinc. 
The MMPs are involved in the degradation of extracellular 
matrices in connective tissues. Up until now, it has been 
known that the MMPs include dozens of MMP species. 
The expression of these enzymes is strictly controlled in 
healthy persons; however, abnormal increases of MMPs are 
observed in Alzheimer's disease, Parkinson's disease, 
pancreatitis, ulcerative colitis, aphthous ulcer, autoimmune 
diseases (including chronic rheumatoid arthritis, Crohn's 
disease, and anemia associated with autoimmune diseases), 
osteoarthritis, periodontal diseases and disorders, corneal 
ulcer, uveitis, a variety of bullae (including congenital 
epidermolysis bullosa, acquired epidermolysis bullosa, porphyria 
cutanea tarda (PCT), pemphigoid, and pemphigus vulgaris), 
refractory dermal ulcers (including bedsore, dermal ulcer in 
radiotherapeutic patients, dermal ulcer in diabetic patients, 
and dermal ulcer in patients suffering from arteriosclerosis 
obliterans), osteoporosis, Behcet's disease, aberrant 
angiogenesis (accompanying tumor growth, and including lymphoma, 
ovary cancer, and tumor metastasis and invasion), cachexia, 
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various infectious diseases (including malaria, hepatitis C, 
HIV infection, tuberculosis, and septicemia), multiple 
sclerosis, psoriasis, diabates, schizophrenia, depression, etc. 
and these MMPs are thought to be involved in the breakdown of 
extracellular matrix (D.Brown et al., Current Eye Research, 12, 
571(1993); Y. Okada et al., Virchow Archiv B Cell Pathol., 59, 
305(1990); W. G. Stet 1 er-Stevenson , Cancer and Metastasis 
Reviews, 9, 289 (1990); H. Birkedal -Hansen et al., Critical 
Reviews in Oral Biology and Medicine, 4(2), 197 (1993)). 

TNF- CL is produced as a membrane-coupled type 
precursor with a molecular weight of 26 k. An excessive 
extracellular release of TNF- CL is thought to lead to 
disorders including septicemia, chronic rheumatoid arthritis 
and the like. It has been recently reported that an enzyme 
capable of inducing the release of TNF- CL (i.e., TNF- CL 
convertase) is a kind of metal loproteinases and its activity 
can be controlled by inhibitors against MMPs (A. J. H. Gearing 
et al., Journal of Leukocyte Biology, 57, 774(1995); K. M. 
Mohler et al., Nature, 370, 218(1994); G. M. NcGeehan et al., 
Nature, 370, 558(1994)). 

Accordingly, inhibition of the action of such enzymes 
is thought to be potentially effective in therapeutically 
treating the above diseases and disorders. The prior art 
compounds which inhibit the action of MMPs are known to 
include 4 groups, i.e., oxygenated phosphorus-based 
derivatives, hydroxamic acid-based derivatives, derivatives 
having a mercapto group, and derivatives having a carboxyl 
group. Especially, hydroxamic acid-based derivatives have been 
proposed with a variety of backbones (see: U.S. Pat. No. 
4,599,361; EP 0 575 844 A2 ; U.S. Pat. No. 5,412,145; 
WO 92/13831 A; U.S.Pat. No . 5 , 183 , 900 ; WO 94/02447 A; 
EP 0 606 046 Al; & GB 2,268,933 A). A number of these 
compounds have the property of inhibiting various MMPs. 

Exceptionally, WO 96/33968 A discloses a class of 
compounds with remarkably improved water-solubility though the 
water-solubility is a subject to be solved in the prior art. 

For administration of drugs, injections not only put 




- 3 - 



too heavy a load on patients but also have serious drawbacks 
in view of readiness and convenience for cases where patients 
take the drug by themselves. Furthermore, most of diseases and 
disorders associated with the degradation of tissues often turn 
to chronic, thereby necessitating the continued use of drugs 
lasting for a long time. In such cases, oral administration is 
thought to be the most suitable route. 

However, it is hard to orally administer the prior 
art compounds in such manners. Therefore, they are still 
unsatisfactory therapeutic agents at this stage. 



Biaclosuro - of the Inventio n 



.3 The present inventors have conducted an extensive 

in research on hydroxamic acid-based derivatives with high 

eT inhibitory activity against MMPs with a view to improving and 

s: S increasing their utilizability . As a result, the present 

inventors have succeeded in (1) producing novel hydroxamic acid 
derivatives which not only have unexpectedly high inhibitory 
activity against MMPs but also exert (i) potent bioavailability, 
]i including the property of being significantly well absorbed by 

oral routes, and (ii) excel lent biological activity, superior to 
those of the prior art compounds, and (2) providing the present 
invention . 



1 y. 
I, J 



Thus, the present invention provides 
(1) a compound having the following formula (I): 




• 



wherein R is selected from the group consisting of hydrogen, 

unsubstituted or optionally substituted aralkyl, silyl which 

may optionally have three substituents, tetrahydropyrany 1 , 

unsubstituted or optionally substituted aralky loxycarbony 1 , 

unsubstituted or optionally substituted alky loxycarbony 1 , 

unsubstituted or optionally substituted alkyl, and a 

hydro xy-pro tec ting group; 
2 

R is selected from the group consisting of hydrogen, 

unsubstituted or optionally substituted aralkyloxycarbonyl , 

unsubstituted or optionally substituted alkyloxycarbonyl , 

9-f luorenylmethyloxycarbonyl , and an amino-protecting group; 
3 

R is selected from the group consisting of hydrogen, 
£3 hydroxy, unsubstituted or optionally substituted alkyl, and 

!» unsubstituted or optionally substituted aralkyl; 

!I9 R 4 is selected from the group consisting of unsubstituted 

or optionally substituted alkyl, and unsubstituted or 

O optionally substituted aralkyl; 

Vll 5 6 

R and R , which may be identical or different, are 

e; 

O each independently selected from the group consisting of 

Y! hydrogen, unsubstituted or optionally substituted alkyl, 

I'll unsubstituted or optionally substituted cycloalkyl, an 

t if 

P unsubstituted or optionally substituted heterocyclic group, and 

□ 5 6 

an amino-protecting group, or R and R taken together 

with the nitrogen atom to which they are attached form an 

unsubstituted or optionally substituted heterocyclic group; 

R 7 is selected from the group consisting of hydrogen, 

hydroxy, unsubstituted or optionally substituted alkyl, and 

unsubstituted or optionally substituted aralkyl; 

g 

R is selected from the group consisting of hydrogen, 

hydroxy, unsubstituted or optionally substituted alkyl, and 

unsubstituted or optionally substituted aralkyl; and 
9 

R is selected from the group consisting of hydrogen, 

hydroxy, amino, and a group of the formula: -X-Y 

wherein X is selected from the group consisting of 

unsubstituted or optionally substituted { C -C ) alkylene, 

1 6 

and unsubstituted or optionally substituted phenylene, and 
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Y is a group of the formula: -A-B or -B, 

wherein A is selected from the group consisting of 

unsubstituted or optionally substituted ( c 1 " c 6 ) alkylene, 

oxygen, sulfur, imino, and unsubstituted or optionally 

substituted (C -C_) alky leneimino , and 
X 6 

B is selected from the group consisting of 
hydrogen, amino, amidino, acylimidoyl, unsubstituted or 
optionally substituted imidazolyl, unprotected or 
optionally protected bis ( phosphono ) methyl , and unprotected 
or optionally protected bis ( phosphono ) hydroxymethy 1 ; 
or a pharmaceutical ly acceptable salt or solvate thereof; 

(2) the compound according to the above (1) wherein 
R and R are hydrogen; 

R 3 is selected from the group consisting of ( c 1 " c 9 ) alkyl, 
(C -C 7 ) cycloalkyl-substituted lower ( c 1 " c 4 ) alkyl, hydroxy, 
amino-substituted ( c 1 " c 6 ) alkyl, phenyl-lower (C^-C^) alkyl, 
guanido-substituted phenyl-lower ( c 1 " c 4 ) alkyl, amino- 
substituted phenyl-lower (C -C 4 > alkyl, carboxy-substituted 
phenyl-lower < c 1 ~ c 4 > alkyl, carbamoyl-substituted phenyl- 
lower ( c 1 ~ c 4 ) alkyl, hydroxy-substituted phenyl-lower ( c 1 _c 4 ) 
alkyl, guanido-substituted lower ( c 1 _c 4 ) alky 1-substituted 
phenyl-lower (C -C 4 ) alkyl, unprotected or optionally protected 
amino-substituted lower <C -C 4 ) alkyl-substituted phenyl-lower 

(C -C ) alkyl, hydroxy-substituted lower (C -C ) alkyl-substituted 

14 14 
phenyl-lower (C -C 4 ) alkyl, lower (C^-C^) alkoxycarbonyl- 

substituted phenyl-lower (C -C 4 > alkyl, lower (C 1 -C 4 ) alkylimino- 

substituted (C -C > alkyl, lower (C -C ) acylimidoy limino- 

16 14 

substituted (C -C ) alkyl, ary lmethy 1 imino-substituted (C "C ) 

16 . 

alkyl, nitrogen-containing heterocyclic radical -substituted 

lower ( c 1 ~ c 4 ) alkylimino-substituted ( c 1 ~ c 6 ) alkyl, nitrogen- 
containing heterocyclic radical-substituted lower < c 1 ~ c 4 ) alkyl, 

oxygen-containing (C -C ) straight chain or branched alkyl, 

1 8 

arylsulfonamido-substituted lower ( c 1 " c 4 ) alkyl-substituted 
phenyl-lower (C -C ) alkyl, alky lsulf onamido-substituted lower 



(C -C ) alkyl-substituted phenyl-lower (C -C ) alkyl, aryloxy- 
14 14 

substituted lower (C -C ) alkyl, and hydroxy-substituted (C -C ) 

14 1 o 

alky 1 ; 

4 

R is selected from the group consisting of (C -C ) alkyl, 

3 9 

hydroxy-substituted (C -C ) alkyl, and unsubstituted or 

3 8 

optionally substituted aryl-lower alkyl; 

R 5 is selected from the group consisting of lower ( c ^~ c 4 ' 

alkyl, (C -C^) cycloalkyl, mono- or di-lower ( c -l — c 4 ^ alkylamino- 

substituted lower ( c 1 " c 4 ) alkyl, carboxy-substituted lower 

(C -C ) alkyl, hydroxy-substituted (C -C ) alkyl, bis ( phosphono ) - 
14 16 

hydroxymethyl-substituted ( c 1 ~ c 11 ) alkyl , tetrabenzyl 

bis ( phosphono ) hydroxymethyl-substituted ^ c 1 ~ c 11 ' alkyl, and 

a nitrogen-containing heterocyclic radical; 

6 ■ ^ „ 
R is hydrogen; 

7 

R is hydrogen or lower ( c 1 ~ c 4 ) alkyl; 
8 

R is hydrogen or lower ( c 1 " c 4 ) alkyl; and 
9 

R is selected from the group consisting of hydrogen, 

hydroxy, amino, and a group of the formula: -X-Y 

wherein X is (C -C ) alkylene or phenylene, and 
1 6 

Y is a group of the formula: -A-B or -B 

wherein B is selected from the group consisting of hydrogen, 

amino, amidino, lower < C -C ) acylimidoyl, unsubstituted or 

1 4 

optionally substituted benzimidoyl , bis ( phosphono )methyl , 

tetra-lower (C -C ) alkyl bis ( phosphono )methyl , tri-lower 
1 4 

( c 1 ~ c 4 ) alkyl bis ( phosphono ) methyl , bis ( phosphono ) hydroxy - 

methyl, tetrabenzyl bis ( phosphono )hydroxymethyl , and lower 

(C^-C^) alkyl-substituted imidazol-3-yl , and 

A is selected from the group consisting of lower 

(C -C ) alkylene, imino, and lower (C -C ) alkylene-imino; 
14 14 

(3) the compound according to the above (1) wherein 

1 ^ 2 ^ ^ 

R and R are hydrogen; 

3 

R is selected from the group consisting of hydroxy, methyl, 
isobutyl, aminopropyl, pheny lpropy 1 , guanidopheny Ipropy 1 , amino- 



pheny lpropyl , hydroxypheny lpropy 1 , carboxypheny lpropy 1 , carbamoyl 

phenylpropyl , aminomethy lpheny lpropyl , guanidomethy lpheny lpropy 1 , 

hydroxymethylphenylpropy 1 , aminomethy lbenzyl , toluenesulf onamido- 

methylbenzyl , methanesulf onamidomethy lbenzyl , isobuty liminomethy 1 

benzyl , phthalimidomethylbenzyl , phenoxyethyl , aminopentyl , 

acetimidoyliminopenty 1 , isobutyliminopentyl , pyridylmethy limino- 

pentyl , methoxycarbony lpheny lpropy 1 , ethoxyethoxyethy 1 , hydroxy- 

octyl, butoxyethyl, iso-buty loxyethyl , morpholinopropy 1 , (3,4,4- 

trimethyl-2 , 5-dioxo-imidazol idin-l-y 1 )propyl , cyclohexy lpropy 1 , 

and piperidinopropyl ; 
4 

R is selected from the group consisting of naphthy Imethy 1 , 
phenylpropyl, isobuty 1, tert-butyl, isopropyl, and hydroxyocty 1 ; 

R is selected from the group consisting of methyl, cyclo- 

propyl , 2- ( N, N-d imethy 1 amino ) ethyl , 2-carboxyethy 1 , 2-hydroxy- 

ethyl , 2-hydroxy-l , 1-dimethy lethy 1 , 2-hydroxy-l-methy lethy 1 , 6,6- 

bis ( phosphono ) -6-hydroxyhexy 1 , tetrabenzyl 6 , 6-bis ( phosphono ) -6- 

hydroxyhexyl , piperidyl, and morpholinyl; 
6 . 

R is hydrogen ; 

R 7 is hydrogen or methyl; 
8 

R is hydrogen or methyl ; and 
9 . 

R is selected from the group consisting of hydrogen, 
hydroxy, amino, and a group of the formula: -X-Y 

wherein X is selected from the group consisting of methylene 
ethylene , tr imethy lene , tetramethylene , pentamethy lene , 
hexamethylene , and phenylene , and 

Y is a group of the formula: -A-B or -B 
wherein B is selected from the group consisting of amino, 
amidino, acetimidoyl, propionimidoyl , benzimidoyl, 
bis ( phosphono ) methyl (i.e., bis ( phosphono ) -methyl idine ) , 
tetraethyl bis ( phosphono )methyl (i.e., tetra(ethyl) bis- 
( phosphono ) -methyl idine ) , triethyl bis ( phosphono ) methyl ( i . e 
tri (ethyl ) bis ( phosphono ) -methylidine ) , tetramethyl bis- 
( phosphono ) methyl (i.e., tetra(methyl ) bis ( phosphono )- 
methylidine) , trimethyl bis ( phosphono Jmethyl ( i.e. , 
tri (methyl ) bis ( phosphono ) -methylidine ) , bis ( phosphono ) - 
hydroxymethyl (i.e. , bis ( phosphono ) ( hydroxy Jmethyl idine ) , 
tetrabenzyl bis (phosphono) hydroxymethyl (i.e. , tetra( benzyl ) 



bis ( phosphono ) (hydroxy )methylidine ) , and 2-methyl-imidazol- 
3-yl, and 

A is selected from the group consisting of imino, 
methy leneimino , and methylene; 

(4) a pharmaceutical or veterinary composition which 
comprises (a) an effective amount of at least a member selected 
from the group consisting of a compound of the formula (I) 
according to the above (1) and a pharmaceutical ly or 
veterinarily acceptable salt or solvate thereof, and (b) a 
pharmaceutical ly or veterinarily acceptable excipient or 
carrier ; 

(5) a metal loproteinase inhibitor which comprises 
an effective amount of at least a member selected from the 
group consisting of a compound of the formula (I) according to 
the above (1) and a pharmaceutical ly acceptable salt or 
solvate thereof; 

(6) the inhibitor according to the above (5) wherein 
the metal loproteinase is selected from the group consisting of 
matrix metal loproteinases and the inhibitor is a kind of 
inhibitors of matrix metal loproteinase ; 

(7) the inhibitor according to the above (5) wherein 
the metal loproteinase is selected from the group consisting of 
tumor necrosis factor- CZ (TNF-& ) -converting enzymes and the 
inhibitor is a kind of inhibitors of TNF- CL convertase; 

(8) use of a compound of the formula (I) according 
to the above (1) for prophy lactical ly and/or therapeutically 
treating diseases and/or disorders associated with tissue 
degradation ; 

(9) a process for producing a compound having the 
formula (I) according to the above (1) or a pharmaceutical ly 
acceptable salt or solvate thereof, which comprises: 



(a) converting an ester moiety of a compound of the formula 
(IV) : 




into an amide bond-containing moiety thereof, and, if desired, 

11 12 13 14 
further optionally converting R , R , R , and/or R 

3 4 5 9 
into the target functional group(s), R , R , R , and/or R , 

respectively, or 

(b) if desired, optionally converting R 11 , R 12 , R 13 , and/or R 1 ' 

in the compound of the formula (IV) into the target functional 

3 4 5 9 
group(s), R , R , R , and/or R , respectively, and then 

converting an ester moiety thereof into an amide bond-containing 

moiety thereof, 

1 9 

wherein R to R , all have the same meanings as defined in 

the above { 1 ) ; 

10 . 

R is selected from the group consisting of unsubstituted 
or optionally substituted alkyl, unsubstituted or optionally 

substituted aralkyl, and a carboxy-protecting group; 

11 3 

R has the same meaning as defined for R , or is selected 

from the group consisting of protected hydroxy, protected 

guanido-substituted phenyl-lower < c 1 ~ c 4 ) alkyl, protected 

amino-substituted phenyl-lower ( c 1 ~ c 4 ) alkyl, ni tro-substituted 

phenyl-lower (C -C ) alkyl, protected amino-substituted (C -C ) 
14 16 

alkyl, nitro-substituted (C -C ) alkyl, protected carboxy- 

1 6 

substituted phenyl-lower < c 1 " c 4 ) alkyl, protected hydroxy- 
substituted phenyl-lower ( c 1 ~ c 4 > alkyl, protected guanido- 
substituted lower ( c 1 ~ c 4 ) alkyl-substituted phenyl-lower 
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(C^-C^) alkyl, protected amino-substituted lower < c 1 ~ c 4 ) alkyl- 

substituted phenyl-lower ' c 1 ~ c 4 ) alkyl, protected hydroxy- 

substituted lower ( c 1 ~ c 4 ) alky 1-substituted phenyl-lower 

(C -C ) alkyl, protected carboxy-substituted lower (C -C ) 
14 14 

alkyl-substituted phenyl-lower < c 1 ~ c 4 ) alkyl, protected hydroxy- 

containing (C -C ) straight chain or branched alkyl, and 
1 8 

cyano-substituted phenyl-lower (C -C ) alkyl; 

R has the same meaning as defined for R , or is 

protected hydroxy-substituted (C -C ) alkyl; 

13 u 1 8 5 

R has the same meaning as defined for R , or is selected 

from the group consisting of protected carboxy-substituted 

lower (C -C ) alkyl, protected hydroxy-substituted lower (C -C ) 
14 14 

alkyl , protected bis ( phosphono Jhydroxymethyl-substituted 
(C^-C^) alkyl, and a protected nitrogen-containing 

heterocyclic group; and 

14 , 9 
R has the same meaning as defined for R , or is selected 

from the group consisting of protected amino, protected 

hydroxy, and a group of the formula: -X-E or -X-A-E 

wherein X and A, both have the meanings as given above, and 

E is selected from the group consisting of nitro, cyano, 

amino, carboxyl, ( c 1 ~ c 11 ) hydroxyalky 1 , protected amino, 

protected guanido, protected amidino, protected 

acylimidoyl, protected benzimidoyl, protected 

bis ( phosphono )methyl , protected bis ( phosphono )hydroxymethy 1 , 
and protected ( c 1 " c 11 ) alkyl-substituted imidazol-3-yl ; 

(10) the process according to the above (9) wherein 

10 . 

R is selected from the group consisting of (C -C ) 

1 6 

alkyl, benzyl, substituted benzyl, phenacyl , and 2,2,2- 

trichloroethyl ; 

11 3 

R has the same meaning as defined for R , or is selected 

from the group consisting of protected guanido-phenylpropyl , 
protected amino-phenylpropyl , nitro-pheny Ipropylene , protected 
aminopropyl , nitropropyl , protected hydroxy-phenylpropyl , 
protected carboxy-phenylpropyl , protected aminomethyl-phenyl- 
propyl , protected guanidomethyl-phenylpropy 1 , protected 



hydroxymethy 1-pheny lpropy 1 , protected aminomethyl -benzyl , 
cyano-phenylpropyl , protected aminopentyl , cyano-benzy 1 , 

protected hydroxyoctyl , and nitropentyl; 

12 ^ . 4 

R has the same meaning as defined for R , or is protected 

hydroxyoctyl ; 

13 L , . 5 

R has the same meaning as defined for R , or is selected 

from the group consisting of protected 2-carboxyethy 1 , 
protected 2-hydroxyethyl , protected 2-hydroxy-l , 1-dimethy lethy 1 , 
protected 2-hydroxy-l-methylethyl , and protected 6,6-bis- 

phosphono-6-hydroxy-hexy 1 ; 

14 9 

R has the same meaning as defined for R , or is selected 

from the group consisting of protected amino, protected 
hydroxy, and a group of the formula: -X-F or -X-A-F 

wherein X and A, both have the meanings as given above, and 
F is selected from the group consisting of nitro, cyano, 
amino, carboxyl, hydroxymethy 1 , protected amino, protected 
guanido, protected amidino, protected acetimidoyl, 
protected propionimidoyl , protected benzimidoyl, 
protected bis ( phosphono )methylimino, and protected 
bis ( phosphono ) hydroxymethy 1 ; 

(11) a process for producing a compound having the 
formula (I) according to the above (1) or a pharmaceutical^ 
acceptable salt or solvate thereof, 
which comprises: 

(a) reacting a hydroxamic acid backbone-containing succinic 
acid derivative of the formula (V): 




with an amine derivative of the formula (III): 





and, if desired, optionally converting R , R , R and/or R 

3 4 5 9 
into the target functional group(s), R , R , R and/or R , 

respectively , 

1 9 

wherein R to R , all have the same meanings as defined 
11 14 

the above (1), and R to R , all have the same meanings as 
defined in the above (9); 



(12) a compound having the following formula (VI): 




wherein R , R , and R to R , all have the same meanings as 

11 14 

defined in the above (1), and R to R , all have the same 
meanings as defined in the above (9), 
or a salt thereof; 

(13) a compound having the following formula (IV): 




wherein R to R , all have the same meanings as defined in the 
above (1), and R 10 to R 14 , all have the same meanings as 
defined in the above (9), 
or a salt thereof; 



(14) a process for producing a compound having the 
formula (IV) according to the above (9) or a salt thereof, 
which comprises reacting a succinic acid derivative 
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of the formula (II): 




with an amine derivative of the formula (III) 



in 

1/3 



P 



R 1 




H 2 N 



>14 



>8 




N 



6 



>13 



(no 



JIB* 



6 8 

wherein R to R , all have the same meanings as defined in the 

10 14 

above (1), and R to R , all have the same meanings as 
defined in the above (9); and 



(15) a compound having the following formula (III): 
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wherein R to R , all have the same meanings as defined in the 

13 14 

above (1), and R and R , both have the same meanings as 
defined in the above (9), 

or a pharmaceutical ly acceptable salt or solvate thereof. 



In another aspect, the present invention provides: 

(16) a compound having the formula (I) 

wherein R is hydrogen, or a hydroxy-protecting group; 
2 

R is hydrogen, or an amino-protecting group; 

R"^ is selected from the group consisting of hydrogen, 
hydroxy, unsubstituted or optionally substituted ( C -C ^ alkyl, 
and unsubstituted or optionally substituted aryl-(C -C ) alkyl; 

R is selected from the group consisting of unsubstituted 
f;S or optionally substituted ( C -C ) alkyl, and unsubstituted or 

5 s 16 

r Z optionally substituted aryl-(C -C ) alkyl; 

;:: 5 e 16 

^ R and R , which may be identical or different, are 

I : Ll 

each independently selected from the group consisting of 
C3 hydrogen, unsubstituted or optionally substituted (C -C ) alkyl, 

i-'ft 1 11 



(C -C ) cycloalkyl, and a heterocyclic radical; 
3 6 

R 7 is selected from the group consisting of hydrogen, 
hydroxy, unsubstituted or optionally substituted ( C -C £ alkyl, 

and unsubstituted or optionally substituted aryl-(C -C ) alkyl; 

8 . 16 

R is selected from the group consisting of hydrogen, 

hydroxy, unsubstituted or optionally substituted ( C -C ^ alkyl, 

and unsubstituted or optionally substituted aryl-(C -C ) alkyl; 

9 . 16 

R is hydrogen, hydroxy, amino, or a group of the formula: 



-X-Y 



wherein X is ( C -C ) alkylene, or phenylene; and Y is 
1 6 

a group of the formula: -A-B or -B 

wherein A is (C -C ) alkylene, imino, or (C -C ) alkylene- 
16 16 

imino; and 

B is selected from the group consisting of hydrogen, 
amino, amidino, acylimidoyl, unsubstituted or optionally 
substituted imidazolyl, unprotected or optionally protected 
bis ( phosphono )methyl , and unprotected or optionally 



protected bis ( phosphono ) ( hydroxy Jmethyl , 
or a stereoisomer, pharmaceutical^ acceptable salt, or solvate 
thereof ; 

(17) the compound according to the above (16) wherein 
R and R are hydrogen; 

R is selected from the group consisting of hydroxy, methyl, 
isobutyl , amino-propyl , 3-pheny 1-propyl , p-guanido-pheny lpropy 1 , 
p-aminophenyl-propyl , p-hydroxyphenyl-propyl , p-carboxypheny 1- 
propyl , m-carboxyphenyl-propyl , p-aminomethy lpheny 1-propyl , 
p-guanidomethylphenyl-propyl , p-hydroxymethy lpheny 1-propyl , 
p-aminomethyl-benzy 1 , m-aminomethyl-benzy 1 , o-aminomethyl-benzy 1 , 
p-toluenesulf onamidomethy 1- benzyl , p-methanesulf onamidomethyl- 
benzyl , p-isobutyliminomethyl-benzyl , p-phthalimidomethy 1-benzyl , 
phenoxy-ethy 1 , o-aminomethylphenyl-propyl , amino-pentyl , 
acetimidoylimino-penty 1 , isobuty limino-pentyl , ( pyridin-4-y 1 ) - 
methylimino-pentyl , p-methoxycarbonylphenyl-propyl , ethoxy-ethoxy 
ethyl , 8-hydroxy-octy 1 , n-butoxy-ethy 1 , iso-buty loxy-ethy 1 , 
m-methoxycarbonylphenyl-propyl , p-carbamoy lpheny 1-propyl , 
morpholino-propyl , and piper idino-propyl ; 

R 4 is selected from the group consisting of isobutyl, 
tert-butyl, isopropyl, and 8-hydroxy-octy 1 ; 

R 5 is selected from the group consisting of methyl, cyclo- 
propyl , 2-( N,N-dimethylamino ) -ethyl , 2 -car boxy-ethyl , 2-hydroxy- 
ethyl , 2-hydroxy-l , 1-dimethy 1-ethy 1 , 2-hydroxy-l-methy 1-ethy 1 , 
6 , 6-bis( phosphono ) -6-hydroxy-hexy 1 , tetra{ benzyl ) 6 , 6-bis- 
( phosphono ) -6-hydroxy-hexy 1 , piperidyl, and morpholinyl; 

6 • ^ „ 
R is hydrogen; 

7 

R is hydrogen or methyl; 

g 

R is hydrogen or methyl; and 
9 

R is selected from the group consisting of hydrogen, 
hydroxy, amino, and a group of the formula: -X-Y 

X is selected from the group consisting of methylene, 
ethylene , trimethylene , tetramethylene , pentamethylene , 
hexamethy lene, and phenylene, and 

B for Y is selected from the group consisting of amino, 
amidino, acetimidoyl , propionimidoy 1 , benzimidoyl, 



bis (phosphono) -methyl , tetraf ethyl ) bis ( phosphono ) -methyl , 

tri ( ethyl ) bis ( phosphono ) -methyl , tetra (methyl ) bis- 

( phosphono ) -methyl , tri ( methyl ) bis ( phosphono ) -methyl , 

bis ( phosphono ) - ( hydroxy ) -methyl , tetra ( benzyl ) bis ( phosphono ) 

(hydroxy ) -methyl , and 2-methyl-imidazol-3-yl , and, 

when Y = -A-B, 

A is selected from the group consisting of imino, methylene- 
imino, and methylene; 

(18) a metalloproteinase inhibitor which comprises 
an effective amount of one or more members selected from the 
group consisting of compounds of the formula (I) as given above 
and stereoisomers, pharmaceutical ly acceptable salts, and 
solvates thereof for inhibiting the activity of matrix 
metalloproteinases (MMPs) and/or tumor necrosis factor- a 

( TNF- Ci ) -converting enzymes (TNF-CE convertases ) ; 

(19) use of a metalloproteinase inhibitor comprising 
a compound of the formula (I) as given above and having the 
property of inhibiting the activity of matrix metalloproteinases 
(MMPs) and/or tumor necrosis factor-^ ( TNF- OC (-converting 
enzymes ( TNF- CL convertases) for prophylactical ly and/or 
therapeutically treating diseases and/or disorders associated 
with the degradation of tissues; 
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(20) a process for producing a compound of the 
formula (I) as given above or a stereoisomer, pharmaceutical ly 
acceptable salt or solvate thereof, which comprises: 




(i) reacting a succinic acid derivative of the formula (II) 
with an amine derivative of the formula (III) to form an ester 

compound of the formula (IV), if desired, then optionally 

11 12 13 14 
converting R , R , R and/or R into the target functional 

3459 
group(s), R , R , R and/or R , respectively, and converting 

the ester moiety into an amide moiety; or 

(ii) reacting a succinic acid derivative of the formula (II) 
with an amine derivative of the formula (III) to form an ester 
compound of the formula (IV), then converting the ester moiety 

into an amide moiety, and if desired, optionally converting 

11 12 13 14 
r , R , R and/or R into the target functional group(s), 

3 4 5 9 
R , R , R and/or R , respectively, 



wherein R to R , all have the meanings as given above; 

r 10 is a carboxy-protecting group (ex., * c i~ C 6* alk Y 1 ' 
benzyl, substituted benzyl, phenacyl, or 2 , 2 , 2-trichloroethyl ) ; 

R 11 has the same meaning as defined for R , or is selected 

from the group consisting of protected p-guanidopheny 1 -propyl , 

protected p-guanidomethylphenyl-propy 1 , protected p-aminomethyl- 

phenyl-propyl , protected p-aminomethy 1-benzyl , protected 

o-aminomethyl-benzyl, protected m-aminomethyl-benzy 1 , protected 

aminopentyl, nitro-penty 1 , protected hydroxy-octyl , protected 

p-hydroxyphenyl-propyl , protected p-aminophenyl-propy 1 , 

nitrophenyl-propylene, protected amino-propyl, and nitro-propy 1 ; 
i o 4 
R has the same meaning as defined for R , or is protected 

hydroxyoctyl ; 

R has the same meaning as defined for R , or is selected 
from the group consisting of protected 2-carboxyethyl , 
protected 2-hydroxyethyl , protected 2-hydroxy-l , 1-dimethy lethy 1 , 
protected 2-hydroxy-l-methylethy 1 , and protected 6,6-bis- 

phosphono-6-hydroxy-hexyl ; 

14 9 
R has the same meaning as defined for R , or is a group 

of the formula: -X-G or -X-A-G 

wherein X and A, both have the meanings as given above, and 
G is selected from the group consisting of nitro, cyano, 
amino, carboxyl, hydroxymethy 1 , protected amino, protected 
guanido, protected amidino, protected acetimidoyl, 
protected propionimidoyl , protected benzimidoyl, protected 
bis(phosphono) methyl , and protected bis ( phosphono )hydroxy- 
methyl; and 



(21) a process for producing a compound of the 
formula (I) as given above or a stereoisomer, pharmaceutical ly 
acceptable salt or solvate thereof, which comprises: 




reacting a protected hydroxamic acid-based succinic acid 

derivative of the formula (V) with an amine derivative of the 

formula (III) to form a protected precursor of the formula (VI), 

11 12 13 14 
if desired, then optionally convertxng R , R , R and/or R 

3 4 5 9 
into the target functional group(s), R , R , R and/or R , 

respectively , 

wherein R 1 to R 9 , and R 11 to R 14 , all have the meanings as 
given above. 



It is apparent that there are chiral carbon atoms 
designated with * in the compounds of the formula (I), as 
illustrated in the following formula: 




Thus, it should be understood that the compounds given in the 
above (1) may include not only geometric isomers, 
stereoisomers, each optically active isomer, racemates, and 
tautomers thereof, but also metabolite derivatives thereof. 
All such compounds, isomers, racemates, tautomers and 
derivatives thereof are intended to be within the scope of the 
present invention. 

In a preferred embodiment of the present invention, 
the chiral carbon atoms designated with * in the above 
compounds (I 1 ) include the carbon atoms (1) and (4) in the "R" 
or "S" configuration, the carbon atom (2) in the "S" 
configuration, and the carbon atom (3) in the "S" configuration. 



In a further aspect, the present invention provides: 
(22) a compound having the formula (1-1): 




wherein R 1 to R 3 , R 5 , R 6 and Y , all have the same meanings as 
defined in the above (1); among them, 

R 3 is preferably hydrogen, hydroxy, or unsubstituted 
or optionally substituted aryl-(C -C ) alkyl; 

when Y is a group of the formula: -A-B, 

-A- is most preferably (C ~C > alkylene-imino, or imino; 

-B is most preferably hydrogen, acetimidoyl, propionimidoy 1 , 
benzimidoyl, amidino, or bis ( phosphono ) -methyl ; 

when Y is a group of the formula: -B, 

-B is most preferably acetimidoyl, propionimidoyl , 
benzimidoyl, or amidino; 

R a is hydrogen, or has the same meaning as set forth for 
the substituent(s) on the "unsubstituted or optionally 
substituted phenylene" with regard to X in the above (1), 
or a pharmaceutical ly acceptable salt or solvate thereof; 

(23) a pharmaceutical or veterinary composition which 
comprises (a) an effective amount of at least a member selected 
from the group consisting of a compound of the formula (1-1) 
according to the above (22) and a pharmaceutical ly or 



veterinarily acceptable salt or solvate thereof, and (b) a 
pharmaceutical ly or veterinarily acceptable excipient or 
carrier ; 

(24) a metalloproteinase inhibitor which comprises 
an effective amount of at least a member selected from the 
group consisting of a compound of the formula (1-1) according 
to the above (22) and a pharmaceutical ly or veterinarily 
acceptable salt or solvate thereof; 

(25) the inhibitor according to the above (24) 
wherein the metalloproteinase is selected from the group 
consisting of matrix metal loproteinases and the inhibitor is 
a kind of inhibitors of matrix metalloproteinase; 

(26) the inhibitor according to the above (24) 
wherein the metalloproteinase is selected from the group 
consisting of tumor necrosis factor-^ (TNF-<2 )-converting 
enzymes and the inhibitor is a kind of inhibitors of TNF- CL 
convertase; and 

(27) use of a compound of the formula (1-1) 
according to the above (24) for prophy lactical ly and/or 
therapeutically treating diseases and/or disorders associated 
with tissue degradation. 



in still another aspect, the present invention 



provides : 



(28) a compound having the formula (1-2) 



✓unsubstituted or optionallyy 
^ substituted alkylene 




— Y 



(1-2) 



wherein R 1 to R 3 , R 5 , R 6 and Y, all have the same meanings as 
defined in the above (1); 

the substituent on the "(unsubstituted or optionally 
substituted alkylene)" has the same meaning as set forth for 
the substituent(s) on the "unsubstituted or optionally 
substituted alkylene" with regard to X in the above (1), 
or a pharmaceutical ly acceptable salt or solvate thereof; 

(29) a pharmaceutical or veterinary composition which 
comprises (a) an effective amount of at least a member selected 
from the group consisting of a compound of the formula (1-2) 
according to the above (28) and a pharmaceutical ly or 
veterinarily acceptable salt or solvate thereof, and (b) a 
pharmaceutical ly or veterinarily acceptable excipient or 
carrier ; 

(30) a metal loproteinase inhibitor which comprises 
an effective amount of at least a member selected from the 
group consisting of a compound of the formula (1-2) according 
to the above (28) and a pharmaceutical ly or veterinarily 
acceptable salt or solvate thereof; 
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(31) the inhibitor according to the above (30) 
wherein the metalloproteinase is selected from the group 
consisting of matrix metal loproteinases and the inhibitor is 
a kind of inhibitors of matrix metalloproteinase; 

(32) the inhibitor according to the above (30) 
wherein the metalloproteinase is selected from the group 
consisting of tumor necrosis factor-a ( TNF- Ct )-converting 
enzymes and the inhibitor is a kind of inhibitors of TNF- CL 
convertase; and 

(33) use of a compound of the formula (1-2) 
according to the above (28) for prophylactical ly and/or 
therapeutically treating diseases and/or disorders associated 
with tissue degradation. 

In yet another aspect, the present invention provides: 

(34) the compound of the formula (III) according to 
the above (15) or a pharmaceutical ly acceptable salt or solvate 
thereof, wherein 

r 6 , R 7 , and R 8 , all have the same meanings as defined in 

the above { 1 ) ; 

R 13 is selected from the group consisting of hydrogen, 
unsubstituted or optionally substituted alkyl, unsubstituted or 
optionally substituted cycloalkyl, an unsubstituted or 
optionally substituted heterocyclic group, or an^ 
amino-protecting group, or taken together with R and the 
nitrogen atom to which they are attached form an unsubstituted 
or optionally substituted heterocyclic group; and 



R" 



14 



is selected from the group consisting of hydroxy, 



amino, and a group of the formula: -X-G or -X-A-G 

wherein X has the meaning as set forth in the above (1), 

and A is selected from the group consisting of 

unsubstituted or optionally substituted (^-Cg) alkylene, 

oxygen, imino, and unsubstituted or optionally substituted 

(C -C ) alkyleneimino, and G is unprotected or optionally 
1 6 

protected bis ( phosphono ) methyl or bis ( phosphono ) (hydroxy ) - 
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methyl ; 

(35) a process for producing a compound of the 
formula (III) according to the above (34) or a pharmaceutical^ 
acceptable salt or solvate thereof; 

(36) a pharmaceutical or veterinary composition 
which comprises (a) an effective amount of at least a member 
selected from the group consisting of a compound of the formula 
(III) according to the above (34) and a pharmaceutical^ or 
veterinarily acceptable salt or solvate thereof, and (b) a 
pharmaceutical ly or veterinarily acceptable excipient or 
carrier ; 

(37) an inhibitor of the destruction of bones 
comprising an effective amount of at least a member selected 
from the group consisting of a compound of the formula (III) 
according to the above (34) and a pharmaceutical ly or 
veterinarily acceptable salt or solvate thereof; 

(38) an agent for the prophylaxis and/or treatment 
of osteoporosis comprising an effective amount of at least a 
member selected from the group consisting of a compound of the 
formula (III) according to the above (34) and a 
pharmaceutical^ or veterinarily acceptable salt or solvate 
thereof; and 

(39) use of a compound of the formula (III) 
according to the above (34) for prophy lactical ly and/or 
therapeutically treating diseases and/or disorders associated 
with the degradation of bone tissues. 

The above objects and othefr objects, features, 
advantages, and aspects of the oAsent invention are readily 
apparent to those skilled iry^he art from the following 
disclosures. It should blunder stood, however, that the 
description of the specification including the following best 
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modes of carrying out the invention, examples, etc, is 
illustrating preferred embodiments of^tlie present invention and 
given only for explanation thereop^ It will become apparent to 
the skilled in the art that a af^at number of variations and/or 
alterations (or modif icatiprfs ) of this invention may be made 
based on knowledge fron^€he disclosure in the following parts and 
other parts of the salification without departing from the 
spirit and scope/thereof as disclosed herein. All of the patent 
publications arfid reference documents cited herein for 
illustrator^ purposes are hereby incorporated by reference into 
the pr^ent disclosure. 

The term "and/or" used herein means the presence of 
both (1) a jointly connecting relation and (2) a selectively 
connecting relation. For example, in the case of 
"prophylactically and/or therapeutically", it is used in such a 
sense that said expression covers both (1) "prophylactically 
and therapeutically" and (2) "prophylactically or 
therapeutically". In other cases, the term "and/or" is used in 
the same sense that it covers both (1) a jointly connecting 
relation and (2) a selectively connecting relation as well. 



t fe^L MOdes of Carryin g uuL Lhc Invontion . 

As used herein for R,R,R,R,R,R,R and R 
in the compounds given above, specifically the compounds (I), 
(IV), and (VI), the term "unsubstituted or optionally substituted 
alkyl" refers to a straight chain or branched alkyl moiety, 
preferably having from 1 to 20 carbon atoms, more preferably 
from 1 to 12 carbon atoms, and most preferably from 1 to 9 
carbon atoms, which can optionally be unsubstituted or 
substituted with one or more substituents which can be 
selected from the group given hereinbelow, including for 
example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl , hexyl, 
heptyl, and octyl. 
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1 3 4 7 8 , 10 . _ 
As used herein for R , R , R , R , R and R in the 

compounds given above, specifically the compounds (I), (IV), 

and (VI), the term "unsubstituted or optionally substituted 

aralkyl" refers to a group having (1) an aryl moiety, 

preferably having from 6 to 10 carbon atoms, and more 

preferably 6 carbon atoms, and (2) a straight chain or 

branched alkylene moiety, preferably having from 1 to 8 carbon 

atoms, and more preferably from 1 to 4 carbon atoms, said aryl 

moiety and/or said alkylene moiety which can optionally be 

unsubstituted or substituted with one or more substituents 

which can be selected from the group given hereinbelow. 

Representatives of said "aralkyl" include for example 

unsubstituted or optionally substituted phenyl-substituted 

lower (C -C 4 > alkyl (also termed "phenyl-lower (Cj-C^) 

alkylene"). Examples of said aralkyl are unsubstituted or 

optionally substituted benzyl such as benzyl, 2- or 4-nitro- 

benzyl and 4-methoxybenzyl , unsubstituted or optionally 

substituted phenethyl, unsubstituted or optionally substituted 

phenylpropyl (also termed "phenyl-trimethylene" ) , unsubstituted 

or optionally substituted naphthylpropyl (also termed 

"naphthyl-trimethylene" ) and the like. 

1 2 

As used herein for R and R in connection with the 

compounds (I), the term "unsubstituted or optionally 

substituted alky loxycarbony 1 " refers to a group having 

the "unsubstituted or optionally substituted alkyl moiety" 

as set forth for said "unsubstituted or optionally substituted 

1 3 4 5 6 7 8 10 
alkyl" in connection with R,R,R,R,R»R» R or k 

Said unsubstituted or optionally substituted alkyloxycarbonyl 

includes for example (C -C. ) alkyloxycarbonyl such as 

1 b 

tert-butyloxycarbonyl . 

1 2 

As used herein for R and R in connection with the 
compounds (I), the term "unsubstituted or optionally 
substituted aralkyloxycarbonyl" refers to a group having 
the "unsubstituted or optionally substituted aralkyl moiety" 
as set forth for said "unsubstituted or optionally substituted 
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aralkyl" . Said "unsubstituted or optionally substituted 
aralkyloxycarbonyl" includes for example, unsubstituted or 
optionally substituted benzy loxycarbony 1 , such as 
benzyloxycarbonyl , 2- or 4-nitro-benzyloxycarbonyl , and 
4-methoxybenzyloxycarbonyl , unsubstituted or optionally 
substituted phenethyloxycarbonyl , and the like. 




As used herein for R in the above compounds (I), 

the term "silyl which may optionally have three substituents" 

refers to those silyl groups optionally having, as the 

substituent( s) , unsubstituted or optionally substituted alkyl, 

and/or unsubstituted or optionally substituted aryl, and/or 

unsubstituted or optionally substituted aralkyl, wherein the 

"unsubstituted or optionally substituted aralkyl" as said 

substituent has the meaning as given above, the "unsubstituted 

or optionally substituted alkyl" has similarly the same 

meaninq as set forth for the "unsubstituted or optionally 

1 3 4 5 6 7 
substituted alkyl" in connection with R,R,R,R,R#R/ 

R 8 and R 10 , and the "unsubstituted or optionally substituted 

aryl" as said substituent also has the same meaning as set 

forth for the "aryl moiety" of the "unsubstituted or optionally 

1 3 4 7 8 
substituted aralkyl" in connection with R , R , R , R , R ana 

R 10 , including for example, phenyl, naphthyl, etc. 

Representatives of the "silyl which may optionally have three 

substituents" are trialkylsilyl such as trimethy Isi ly 1 , and 

tert-butyldimethylsilyl, alkyldiarylsilyl such as tert-butyl- 

diphenylsilyl , and the like. 

5 6 

As used herein for R and R in connection with the 
compounds (I), the term "unsubstituted or optionally 
substituted cycloalkyl" refers to a radical being monocyclic or 
having multiple condensed rings, such as a bicyclic radical, 
preferably from 3 to 10, more preferably from 3 to 7 , and most 
preferably from 3 to 6 carbon atoms, which can optionally be 
unsubstituted or substituted with one or more substituents 
(said substituent is selected from those given hereinbelow ) , 
including for example, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexy 1 , cyclohepty 1 , [2.2.1] bicyclohepty 1 , etc . 

As used herein for R 5 and R 6 in connection with the 
compounds (I), the term "unsubstituted or optionally 
substituted heterocyclic group" refers to a suturated or 
unsaturated radical, being monocyclic or having multiple 
condensed rings, such as a bicyclic radical, containing one or 
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more hetero atoms (which are identical or different) selected 
from nitrogen, oxygen, sulfur, etc., which can optionally be 
unsubstituted or substituted with one or more substituents 
(said substituent is selected from those given hereinbelow ) . 
Said unsubstituted or optionally substituted heterocyclic 
group includes for example, radicals having a 5-, 6- or 
7-membered heterocyclic ring. Representatives of the 
"heterocyclic ring" include imidazole, pyrazole, imidazoline, 
imidazolidine, pyridine, pyrimidine, benz imidazole , 
quinazoline, pteridine, purine, 1,3-azepine, aziridine, 
azetidine, pyrrole, pyrrolidine, tetrahydropyridine , 
piperidine, azepine, indole, quinoline, isoquinoline, 
morpholine, piperazine, etc. 

When R 5 and R 6 taken together with the nitrogen atom 
to which they are attached form an "up^ubstituted or optionally 
substituted heterocyclic group", s^Cd term "unsubstituted or 
optionally substituted heterocypd'ic group" refers to a 
suturated or unsaturated nitp^gen-containing radical, being 
monocyclic or having mult^le condensed rings, such as a 
bicyclic radical, wher^n said heterocycle includes, for 
example, aziridine -Xzetidine , pyrrole, pyrrolidine, pyridine, 
tetrahydropyridijarfe, piperidine, azepine, indole, quinoline, 
isoquinol ine ,/fnorphol ine , piperazine , etc . 

As used herein for the term "hydroxy-protecting 

group" in connection with R 1 and the term "protected 

11 14 . , 

hydroxy" in connection with R . and R in the compounds (I) 

and (IV), suitable protecting groups are those known to 

artisans in the organic synthesis fields, for example, selected 

from those which have been employed in the technical fields 

including peptide synthesis, penicillin synthesis, 

cephalosporin synthesis, sugar synthesis, and the like. 

Said "hydroxy-protecting groups" and said "protecting groups" 

include those removable by treatment with water, those 

removable by hydrogenolysis , those removable with Lewis 

catalysts such as AlCl 3 , those removable with zinc/acetic acid, 

those removable with thiourea, those removable with acids or 



weak bases, and the like. Representative hydroxy-protecting 
groups include benzyl, 2 , 2 , 2-tr ichloroethoxycarbony 1 , 
al ly loxycarbony 1 , 2-methoxyethoxymethy 1 , f ormy 1 , acetyl , 
chloroacetyl , dichloroacety 1 , trityl, and the like. 
Such groups are any as long as they are capable of forming, or 
convertible into, a hydroxy group, chemically or under 
biological conditions, i.e., physiological conditions (for 
example, bioreactions such as oxidation, reduction, and 
hydrolysis, catalyzed by in vivo enzymes and the like). 
Said "hydroxy-protecting groups" and said "protecting groups" 
may also be selected from the group consisting of the above 
defined "silyl which may optionally have three substituents" , 
"unsubstituted or optionally substituted aralkyl" , 
tetrahydropyranyl , "unsubstituted or optionally substituted 
alkyloxycarbonyl" , "unsubstituted or optionally substituted 
aralkyloxycarbonyl " , and the like. 

2 5 6 11 14 _ ^ . ^. 
As used herein for R , R , R , R , R and F in the 

compounds (I) and (IV), the term "amino-protecting group" 

refers to protecting groups known to artisans in the organic 

synthesis fields, for example, selected from those which have 

been employed in the technical fields including peptide 

synthesis, penicillin synthesis, cephalosporin synthesis, sugar 

synthesis, and the like. Said "amino-protecting groups" 

include those removable by hydrogenolysis , those removable with 

fluorinated compounds, those removable with acids, and the 

like. Illustrative examples of such "amino-protecting groups" 

include benzyloxycarbonyl , p-nitro-benzyloxycarbony 1 , trityl, 

tert-butoxycarbonyl; (C -C ) aliphatic acyl which can 

1 b 

optionally be unsubstituted or substituted with halogen, such 
as formyl, chloroacetyl , and dichloroacetyl ; alkoxycarbonyl 
such as allyloxycarbonyl, 2-trimethylsi ly lethoxycarbony 1 , 
and 2,2,2-trichloroethoxycarbonyl; 2-methoxyethoxymethy 1 , and 
the like. Such groups are any as long as they are capable of 
forming, or convertible into, a free or protonated amino group, 
chemically or under biological conditions, i.e., physiological 
conditions (for example, bioreactions such as oxidation, 
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reduction, and hydrolysis, catalyzed by in vivo enzymes and the 
like). Said "amino-protecting groups' 1 may also be selected 
from the group consisting of the above defined "unsubstituted 
or optionally substituted alkyloxycarbony 1 " , "unsubstituted or 
optionally substituted aralkyloxycarbonyl " , 9-f luorenylmethy 1- 
oxycarbonyl, and the like. 

In connection with the above defined "unsubstituted 

or optionally substituted alkyl" , "unsubstituted or optionally 

substituted aralkyl" , "unsubstituted or optionally substituted 

aryl", "unsubstituted or optionally substituted cycloalkyl " , 

and "unsubstituted or optionally substituted heterocyclic 

group", suitable substituents include the above defined alkyl, 

the above defined aryl, hydroxy, unsubstituted or optionally 

substituted amino (for example, amino, N-lower ( c 1 " c 4 ' alkyl- 

amino such as methylamino, ethylamino and isopropylamino , 

N-arylamino such as phenylamino, aralkylamino such as 

pyridylmethylamino and benzylamino, alicyclic amino such as 

morpholino, piperidino, piperazino and N-pheny 1-piperazino , 

guanidino, and the like), amidino, acylimidoyl (for example, 

derivatives from (C -C ) lower alkanoic acids, such as 

2 5 

acetimidoyl and propionimidoyl , derivatives from t c 7 ~ c 11 ^ 

aromatic car boxy lie acids, such as benzimidoyl, and the like), 

halogen (for example, F, Cl, Br, etc.), nitro, ( c 1 _c 4 ) lower 

alkoxy (for example, methoxy, ethoxy, etc.), ( c 1 " c 4 ) lower 

alkylthio (for example, methylthio, ethylthio, etc.), carboxyl, 

(C -C ) lower alkanoyloxy, (C -C ) lower alkoxycarbony loxy , 

2 6 lb 
phosphono which can optionally be unprotected or protected 

at its hydroxy wherein said protecting group includes 
the above defined "hydroxy-protecting group", "unsubstituted or 
optionally substituted alkyl", "unsubstituted or optionally 
substituted aralkyl", "unsubstituted or optionally substituted 
aryl", "unsubstituted or optionally substituted alkyloxy- 
carbonyl", "unsubstituted or optionally substituted aralkyl- 
oxycarbonyl", and the like. 



As used herein for X, A and B in the above compounds, 
particularly the compounds (I) and (IV), in connection with the 
"unsubstituted or optionally substituted ( c 1 ~ c 6 ^ alkylene" , 
the "unsubstituted or optionally substituted phenylene" , the 
"unsubstituted or optionally substituted (Cj-Cg) alkyleneimino" , 
and the "unsubstituted or optionally substituted imidazolyl " , 
suitable substituents may be selected from those listed for the 
above defined substituent in the "unsubstituted or optionally 
substituted alkyl" , etc. 

As used herein for B in the above compounds, 
particularly the compounds (I) and (IV), in connection with the 
"unprotected or optionally protected bis ( phosphono ) methyl " , 
and the "unprotected or optionally protected bis ( phosphono ) - 
hydroxymethyl", suitable protecting groups may include 
the above defined "hydroxy-protecting group", "unsubstituted 
or optionally substituted alkyl", "unsubstituted or optionally 
substituted aralkyl" , "unsubstituted or optionally substituted 
aryl" , "unsubstituted or optionally substituted alkyloxy- 
carbonyl" , and "unsubstituted or optionally substituted 
aralkyloxycarbonyl" . 

As used herein for B and E in the above compounds, 
particularly the compounds (I) and (IV), the "acylimidoyl " 
includes a radical derived from a (^-C^) lower alkanoic acid, 
such as acetimidoyl and propionimidoyl ; a radical derived from 
a (C -C 11 > aromatic carboxylic acid, such as benzimidoyl; and 
the like, as described hereinabove. 

As used herein for R 10 in the above compounds, 
particularly the compounds (IV), the "carboxy-protecting 
group" may be selected from protecting groups known to artisans 
in the organic synthesis fields, for example, those which have 
been employed in the technical fields including peptide 
synthesis, penicillin synthesis, cephalosporin synthesis, 
sugar synthesis, and the like. Said "carboxy-protecting 
groups" have the same meanings as defined for the above 
"hydroxy-protecting group", including those removable by 
hydrogenolysis, those removable by treatment with acids or 



weak bases, and the like. Illustrative examples of such 
"carboxy-protecting groups" include the above defined 
"unsubstituted or optionally substituted alkyl", "unsubstituted 
or optionally substituted aralkyl", "unsubstituted or 
optionally substituted aryl", "unsubstituted or optionally 
substituted alkyloxycarbonyl " , "unsubstituted or optionally 
substituted aralky loxycarbonyl " , and the like. 

As used herein for R 11 , R 12 , R 13 , R 14 , E and F in the 

above compounds, particularly the compounds (IV), in connection 

with the "protected hydroxy", "protected guanido-substituted 

phenyl-lower (C -C 4 > alkyl", "protected amino-substituted 

phenyl-lower (C -C 4 > alkyl", "protected amino-substituted 

(C -C ) alkyl", "protected carboxy-substituted phenyl-lower 
1 6 

(C -C ) alkyl", "protected hydroxy-substituted phenyl-lower 
1 4 

(C -C ) alkyl", "protected guanido-substituted lower ( c 1 _c 4 ) 
alkyl-substituted phenyl-lower (C^C^ alkyl", "protected 
amino-substituted lower (C^-C^) alkyl-substituted phenyl-lower 
(C -C ) alkyl", "protected hydroxy-substituted lower ^ c 1 ~ c ^ 
alkyl-substituted phenyl-lower (C^-C^) alkyl", "protected 
carboxy-substituted lower (C^-C^) alkyl-substituted phenyl- 
lower (C -C ) alkyl", "protected hydroxy-containing (C-.'Cg) 
14 

straight chain or branched alkyl", "protected hydroxy- 
substituted (C -C Q ) alkyl", "protected carboxy-substituted 

1 8 

lower (C -C ) alkyl", "protected hydroxy-substituted lower 
14 

(C -C ) alkyl", "protected bis ( phosphono ) hydroxymethy 1- 
substituted (C -C^) alkyl", "protected nitrogen-containing 
heterocyclic group", "protected amino", "protected guanido" , 
"protected amidino" , "protected acy limidoy 1 " , "protected 
benzimidoyl", "protected bis ( phosphono )methyl " , "protected 
bis ( phosphono Jhydroxymethyl" , and "protected (Cj-C^) alkyl- 
substituted imidazol-3-yl", suitable protecting groups may 
include the above defined "hydroxy-protecting group", 
"amino-protecting group", and "carboxy-protecting group". 
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The compounds (I) of the present invention may exist 
as alternative tautomers. There are several chiral centers in 
the compounds (I) of the present invention because of the 
presence of asymmetric carbon atoms. The presence of several 
asymmetric carbon atoms gives rise to a number of optical 
isomers with regard to each chiral center. All mixtures of 
such isomers and each individual optical isomer are intended to 
be within the scope of the present invention. The compounds of 
the present invention can also exist as separate enantiomers, 
as racemates, or as diastereomers . The compounds of the 
present invention can also be in the form of solvates or 
acid-addition salts. Further, the compounds of the 
present invention may be in the form of prodrugs, including 
those prodrugs of (i) compounds containing a carboxyl radical 
and/or a hydroxy radical and/or an optionally substituted or 
unsubstituted amino radical or (ii) derivatives thereof. 
The prodrugs of the compounds according to the present 
invention include those compounds which can be transformed 
in vivo, for example by metabolic processes, including 
hydrolysis, oxidation, reduction, trans-esterif ication and 
the like, to yield the parent compounds of the formula (I), 
etc. Representatives of such prodrugs are ester-, ether-, 
amide-, alcohol-, and amine-der ivatives thereof. 

The aforementioned compounds (I) according to the 
present invention and intermediates for the production thereof 
can be prepared according to the procedures illustrated in 
Reaction Schemes hereinbelow. In the disclosures given below, 
each compound is assigned a specific serial number in the same 
manner as conventionally employed in a number of chemical 
literatures and denoted by such a serial number. 

The first disclosure illustrates hereinbelow the 
preparation of compounds of the formula (II) which are useful 
intermediates for the production thereof. 



• 
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In the above Reaction Scheme, R , R and R , an 

J 15 16 , 17 

have the same meanings as defined above, and R , R ana R 

which are the same or different, are each independently a 

carboxy-protecting group, including for example, unsubstituted 

or optionally substituted (C^-Cg) alkyl, benzyl, substituted 

benzyl, phenacyl and 2 , 2 , 2-trichloroethyl , and D is a 

replaceable group such as halogen. 

Preferred is a route for producing a useful 
intermediate compound of the formula (II) for the production, 
which comprises employing, as a starting material, a malonic 
diester of the formula (VII) wherein R is any radical except 
hydrogen and hydroxy. 

Compounds of the formula (X) may be prepared by 
reacting an a -halogenocarboxylic acid ester (IX) wherein D is 
halogen with a compound of the formula (VIII) which is an 
anion of the malonic diester of the formula (VII) wherein 
halogen includes fluorine, chlorine, bromine, iodine, 
preferably bromine. 

Suitable bases which are used for forming an anion 
of said malonic diester (VII) include those ordinarily 
utilizable in conventional reactions. Illustrative examples of 
such bases are alkali metal hydrides such as sodium hydride, 
lithium diisopropylamide (LDA), lithium bis ( trimethylsilyl ) - 
amide, alcoholates including for example, alkali metal 
alcoholates such as sodium methoxide, sodium ethoxide, sodium 
propoxide, potassium tert-butoxide and potassium ethoxide, etc. 
Preferred bases are sodium hydride, and potassium tert-butoxide 

Suitable solvents for carrying out the reaction 
include inert organic solvents. Illustrative examples of such 
solvents are saturated hydrocarbons (e.g., n-hexane, etc.), 
ethers (e.g., tetrahydrof uran (THF), etc.), aromatic 
hydrocarbons (e.g., benzene, toluene, etc.), amides (e.g., 
dimethylformamide (DMF), dimethylacetamide (DMAc), etc.), 
and halogenated hydrocarbons (e.g., dichloromethane , 
chloroform, etc.). A preferred solvent is DMF. 



The reaction temperature range is ordinarily from -78 
to 50°C and preferably from 0 to 20°C. The reaction time 
varies depending on the particular starting material, solvent, 
reaction temperature, and the like employed, but a reaction 
period of from 30 minutes to 4 hours is sufficient. The 
reaction is ordinarily carried out for 1 to 2 hours. 

Following the formation of the compound (VIII), it 
can be reacted with the a -halogenocarboxylic acid ester (IX) 
in a solvent. Suitable solvents for carrying out the reaction 
include inert organic solvents. Illustrative examples of such 
solvents are saturated hydrocarbons (e.g., n-hexane, etc.), 
ethers (e.g., THF, etc.), aromatic hydrocarbons (e.g., benzene, 
toluene, etc.), amides (e.g., DMF, DMAc, etc.), and halogenated 
hydrocarbons (e.g., dichloromethane , chloroform, etc.). 
A preferred solvent is DMF. The reaction temperature range is 
ordinarily from -10 to 50°C and preferably from -5 to 0°C. 
The reaction time varies depending on the particular starting 
material, solvent, reaction temperature, and the like employed, 
but it is ordinarily from 2 to 24 hours, and preferably from 10 
to 20 hours. 

Compounds of the formula (XII) may be prepared by 
conversion of the compound (X) into the anion (XI) followed by 
treatment with a reactant selected from the group consisting of 
(C ~C 6 ) alkyl halides (preferably (^-Cg) alkyl iodides such as 
methyl iodide), substituted ( c 1 ~ c 6 ^ alkyl halides (preferably 
1-benzy loxycar bony 1 amino- 3 -iodo-propane, 1-benzy loxycar bony 1- 
amino-5-iodo-pentane, l-tetrahydropyranyloxy-8-iodo-octane , 
l-ethoxy-ethoxy-2-iodo-ethane, 1-n-buty loxy-2-iodo-ethane , 
l-iso-butyloxy-2-iodo-ethane, l-phenoxy-2-iodo-ethane , 
l-tetrahydropyranyloxy-3-iodo-propane, etc.), alkenyl halides 
(preferably cinnamyl bromide ( C 6 H 5 ~CH=CH-CH 2 -Br ) , methallyl 
iodide [ CH=C ( CH 3 ) -Ct^-I ] , etc.), and substituted alkenyl 
halides (preferably nitro-cinnamyl bromide 

(O N-C H -CH=CH-CH -Br), methoxycarbony 1 -cinnamyl bromide, 

2 4 5 2 
l-methoxycarbonyl-phenyl-3-iodo-propane, cyano-cinnamy 1 bromide, 



l-cyano-phenyl-3-iodo-propane, cyano- benzyl bromide, 
l-benzyloxy-phenyl-3-iodo-propane, etc.), and if desired, 
hydrogenation . 

Suitable bases which are used for forming the 
compound (XI) include those customarily utilizable in such 
reactions. Illustrative examples of such bases are LDA, 
lithium bis( trimethy 1 si ly 1 )amide, alkali metal hydrides such as 
sodium hydride, alcoholates including for example, alkali metal 
alcoholates such as sodium methoxide, sodium ethoxide, sodium 
propoxide, potassium tert-butoxide and potassium ethoxide, etc. 
A preferred base is sodium hydride. 

Suitable solvents for carrying out the reaction 
include inert organic solvents. Illustrative examples of such 
solvents are saturated hydrocarbons (e.g., n-hexane, etc.), 
ethers (e.g., THF, etc.), aromatic hydrocarbons (e.g., benzene, 
toluene, etc.), amides (e.g., DMF, DMAc , etc.), and halogenated 
hydrocarbons (e.g., dichloromethane , chloroform, etc.). 
A preferred solvent is DMF. The reaction temperature range is 
ordinarily from -10 to 50°C and preferably from 10 to 30°C. 
The reaction time varies depending on the particular starting 
material, solvent, reaction temperature, and the like employed, 
but it is ordinarily from 30 minutes to 4 hours, and preferably 
from 1 to 2 hours. 

Following the formation of the compound (XI), it can 
be reacted with the alkyl halide in a solvent. Suitable 
solvents for carrying out the reaction include inert organic 
solvents. Illustrative examples of such solvents are saturated 
hydrocarbons (e.g., n-hexane, etc.), ethers (e.g., THF, etc.), 
aromatic hydrocarbons (e.g., benzene, toluene, etc.), amides 
(e.g., DMF, DMAc, etc.), and halogenated hydrocarbons (e.g., 
dichloromethane, chloroform, etc.). A preferred solvent is 
DMF. The reaction temperature range is ordinarily from -10 to 
100°C and preferably from -5 to 70°C. The reaction time varies 
depending on the particular starting material, solvent, 
reaction temperature, and the like employed, but it is 
ordinarily from 2 to 48 hours, and preferably from 10 to 20 
hours . 



Further, as required, hydrogenation is conducted to 
form the compound of the formula (XII). Suitable catalysts for 
the hydrogenation include palladium catalysts such as palladium 
on carbon, platinum catalysts, and preferably palladium on 
carbon. Suitable solvents for carrying out the reaction 
include inert organic solvents and the like as long as they 
do not poison the catalyst. Illustrative examples of such 
solvents are alcohols (e.g., methanol, ethanol, etc.), amides 
(e.g., DMF, DMAc , etc.), acetic acid, water, and mixtures 
thereof, and preferably methanol and ethanol. The reaction 
temperature range is ordinarily from 0 to 50°C and preferably 
from 10 to 30°C. The reaction time varies depending on the 
particular starting material, solvent, reaction temperature, 
and the like employed, but it is ordinarily from 1 to 24 hours, 
and preferably from 1 to 10 hours. 



Compounds of the formula (XIII) may be prepared by 

10 15 16 
de-esterification of the compound (XII). R , R and R , 

10 

all have the meanings as given above, but preferably R is 

15 16 

tert-butyl, and R and R are both benzyl, for the 

preparation of the compound (XIII). For instance, when 
15 16 

R and R are both benzyl, the de-esterif ication can be 
achieved by hydrogenation. 

Suitable catalysts for the hydrogenation are those 
including palladium on carbon, platinum, etc., and preferably 
palladium on carbon. Suitable solvents for carrying out the 
reaction include inert organic solvents and the like as long as 
they do not poison the catalyst. Illustrative examples of such 
solvents are alcohols (e.g., methanol, ethanol, etc.), amides 
(e.g., DMF, DMAc, etc.), acetic acid, water, and mixtures 
thereof, and preferably methanol and ethanol. The reaction 
temperature range is ordinarily from 0 to 50°C and preferably 
from 10 to 30°C. The reaction time varies depending on the 
particular starting material, solvent, reaction temperature, 
and the like employed, but it is ordinarily from 1 to 24 hours, 
and preferably from 1 to 10 hours. 
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A route for producing a compound of the formula (II) 

which is a useful intermediate for the production, employing 

a compound of the formula (XIV) as a starting material, 

3 

is preferred when R is hydrogen or hydroxy. 

Compounds of the formula (XV) may be prepared by 

(a) reacting a succinic acid derivative of the formula (XIV) 
with an alcohol in the presence of a suitable coupling agent 
such as N,N 1 -dicyclohexy lcarbodiimide (DCC), 1-ethy 1-3- ( 3- 
dimethylaminopropyl ) -carbodiimide hydrochloride ( EDO HCl ) 
and a base such as N , N-dimethy laminopyr idine , 

(b) converting the compound (XVI) into a salt thereof formed 
with a member selected from the group consisting of sodium, 
potassium, cesium and the like, followed by treatment with an 
alkyl halide or benzyl halide, or 

(c) reacting the compound (XIV) with a complex of thionyl 
chloride and an alcohol. 

For instance, in the case (c) where the compound 
(XIV) is reacted with the thionyl chloride-alcohol complex, 
suitable alcohols which are used in the reaction include, but 
are not limited to, methanol, ethanol , n-propyl alcohol, 
iso-propyl alcohol, tert-butyl alcohol, phenol, benzyl alcohol, 
phenacyl alcohol, 2 , 2 , 2-trichloroethanol (preferably methanol, 
ethanol, iso-propyl alcohol, and tert-butyl alcohol, and more 
preferably iso-propyl alcohol). The alcohol also serves as a 
solvent. The reaction temperature range is ordinarily from 
-30 to 10°C and preferably from -10 to 0°C. The reaction time 
varies depending on the particular starting material, solvent, 
reaction temperature, and the like employed, but it is 
ordinarily from 5 to 24 hours, and preferably from 10 to 15 
hours . 

Compounds of the formula (XVI) may be prepared by 
converting the succinic diester of the formula (XV) into an 
anion thereof which is then treated with methallyl iodide, 
followed by hydrogenation . 

Suitable bases which are used for forming the anion 
of the compound (XV) include those customarily utilizable in 




such reactions. Illustrative examples of such bases are alkali 
metal hydrides such as sodium hydride, LDA, lithium 
bis( trimethy isily 1 Jamide, alcoholates including for example, 
alkali metal alcoholates such as sodium methoxide, sodium 
ethoxide, sodium propoxide, potassium tert-butoxide and 
potassium ethoxide, etc, A preferred base is LDA. Suitable 
solvents for carrying out the reaction include inert organic 
solvents. Illustrative examples of such solvents are saturated 
hydrocarbons (e.g., n-hexane, etc.), ethers (e.g., THF, etc.), 
aromatic hydrocarbons (e.g., benzene, toluene, etc.), amides 
(e.g., DMF, DMAc, etc.), and halogenated hydrocarbons (e.g., 
dichloromethane, chloroform, etc.). A preferred solvent is 
THF. The reaction temperature range is ordinarily from -78 to 
0°C and preferably from -70 to -10°C. The reaction time varies 
depending on the particular starting material, solvent, 
reaction temperature, and the like employed, but it is 
ordinarily from 30 minutes to 24 hours, and preferably from 4 
to 12 hours. 

Following the process, the reaction with methallyl 
iodide is carried out in a solvent. Suitable solvents for 
carrying out the reaction include inert organic solvents. 
Illustrative examples of such solvents are saturated 
hydrocarbons (e.g., n-hexane, etc.), ethers (e.g., THF, etc.), 
aromatic hydrocarbons (e.g., benzene, toluene, etc.), amides 
(e.g., DMF, DMAc, etc.), and halogenated hydrocarbons (e.g., 
dichloromethane, chloroform, etc.). A preferred solvent is 
THF. The reaction temperature range is ordinarily from -78 to 
0°C and preferably from -70 to -10°C. The reaction time varies 
depending on the particular starting material, solvent, 
reaction temperature, and the like employed, but it is 
ordinarily from 2 to 48 hours, and preferably from 10 to 20 
hours . 

Further, as required, hydrogenation is conducted to 
form the compound of the formula (XVI). Suitable catalysts for 
the hydrogenation include palladium on carbon, platinum 
catalysts, etc., and preferably palladium on carbon. 




-44- 



Suitable solvents for carrying out the reaction include inert 
organic solvents and the like as long as they do not poison the 
catalyst. Illustrative examples of such solvents are alcohols 
(e.g., methanol, ethanol , etc.), amides (e.g., DMF, DMAc, 
etc.), acetic acid, and water, and preferably methanol. 
The reaction temperature range is ordinarily from 0 to 50°C and 
preferably from 10 to 30°C. The reaction time varies depending 
on the particular starting material, solvent, reaction 
temperature, and the like employed, but it is ordinarily from 1 
to 24 hours, and preferably from 1 to 6 hours. 



Compounds of the formula (XVII) may be prepared by 

de-esterif ication of the compound (XVI). For instance, when 
17 . 

R is iso-propyl, the de-esterif ication can be achieved by 
alkaline hydrolysis. Suitable bases which are used for the 
hydrolysis are not limited as long as they are customarily 
employed as bases in ordinary reactions. Illustrative examples 
of such bases are sodium carbonate, potassium carbonate, sodium 
hydroxide, potassium hydroxide, sodium bicarbonate, lithium 
hydride, sodium hydride, etc. Preferred bases are sodium 
hydroxide, and potassium hydroxide. Suitable solvents for 
carrying out the reaction are not limited as long as they do 
not prevent the processing and are capable of dissolving 
starting materials. Illustrative examples of such solvents 
are amides (e.g., DMF, DMAc, etc.), alcohols, ethers (e.g., 
diethyl ether, tetrahydrof uran , dioxane, etc.), water, ketones 
(e.g., acetone, etc.), and preferably alcohols, water, dioxane, 
acetone, and mixtures thereof. The reaction temperature range 
is ordinarily from -20 to 150°C and preferably from -10 to 
100°C. The reaction time is ordinarily from 5 minutes to 36 
hours, and preferably from 10 minutes to 24 hours. 



The compounds (II) which are useful intermediates for 
the production can be prepared by (a) decarboxylation of 
the compound of the formula (XIII), or (b) reacting an alcohol 
with an acid anhydride compound of the formula (XVIII) derived 
from the dicarboxylic acid of the formula (XVII). 

(a) The decarboxylation of the compound (XIII) is 
carried out in the presence of a tertiary amine such as 
triethylamine, N-methylmorpholine, and N-ethylmorpholine. 
Suitable solvents for carrying out the reaction include inert 
organic solvents. Illustrative examples of such solvents are 
saturated hydrocarbons (e.g., n-hexane, etc.), aromatic 
hydrocarbons (e.g., benzene, toluene, etc.), and the like. 
A preferred solvent is toluene. The reaction temperature range 
is ordinarily from 70 to 150°C, and preferably from 100 to 
120°C. The reaction time varies depending on the particular 
starting material, solvent, reaction temperature, and the like 
employed, but it is ordinarily from 1 to 5 hours, and 
preferably from 2 to 3 hours. 

(b) The process for producing the intermediate (II) 
via the acid anhydride (XVIII) from the dicarboxylic acid 
(XVII) is carried out for example by reference to J. Org. 
Chem., 47, 4928(1982). Suitable alcohols which are reacted 
with the acid anhydride (XVIII) include, but are not limited 
to, methanol, ethanol, n-propyl alcohol, iso-propyl alcohol, 
tert-butyl alcohol, phenol, benzyl alcohol, phenacyl alcohol, 
2,2,2-trichloroethanol, etc. Preferred alcohols are methanol, 
ethanol, benzyl alcohol, and 2,2,2-trichloroethanol. 



Described below are processes for producing the 
intermediates ( III ) . 




In the above Reaction Scheme, R , R , R , R and R 

„ 18 • 

all have the same meanings as defined above, and R is 
an amino-protecting group, including for example, tert-butyl- 
oxycarbonyl ( Boc ) , benzy loxycarbony 1 (Z), substituted benzyl- 
oxycarbonyl and the like. 

14 . ^ . 

The intermediates (III) wherein R is a group of the 

formula: -X-E or -X-A-E, and E is (a) protected bis ( phosphono ) 

methyl, (b) protected bis ( phosphono )( hydroxy ) -methyl , or (c) 

substituted imidazoly 1-methy 1 , can be prepared from a compound 

of the formula (XXII) wherein E is amino, carboxyl, or 



hydroxymethy 1 • 

For instance, when (a) E is protected bis ( phosphono ) - 
methyl, the compounds (III) can be prepared by reacting 
protected 4 1 -aminophenylalanine with an ester of formic acid, 
such as ethyl orthoformate or an ester of phosphorous acid, 
such as diethyl phosphonate (see: Phosphorous and Sulfur, 11, 
311 (1981)). 

When (b) E is protected bis ( phosphono ) (hydroxy ) - 
methyl, the compounds (III) can be prepared by converting 
protected 4 • -carboxyphenylalanine into an acid halide thereof, 
followed by treatment with a phosphite compound such as 
tribenzyl phosphite (see: Phosphorous, Sulfur, and Silicon, 

113, 295 (1996)). 

Further, when (c) E is substituted imidazoly 1-methyl , 
the compounds (III) can be prepared by converting 
protected 4 * -hydroxymethy lpheny lalanine into a methanesulf onate 
or p-toluenesulfonate derivative thereof, followed by treatment 
with an imidazole derivative (see: J. Med. Chem., 31, 2193 
(1988) ) . 

(a) In the process for forming protected 

bis ( phosphono )methyl, 4 1 -aminophenylalanine may be mixed for 
example with ethyl orthoformate and diethyl phosphonate, and 
then heated. The reaction is customarily carried out in the 
absence of a solvent. The reaction temperature range is 
ordinarily from 100 to 180°C, and preferably from 140 to 160°C. 
The reaction time varies depending on the particular starting 
material, reaction temperature, and the like employed, but it 
is ordinarily from 1 to 8 hours, and preferably from 1 to 6 
hours . 

(b) In the process for forming protected 

bis (phosphono) (hydroxy ) -methyl, conversion of protected 
4 • -carboxyphenylalanine into an acid halide thereof can be 
achieved for example by treatment with thionyl chloride, or 
with dimethylchloroformiminium chloride formed from oxalyl 
chloride and DMF. Suitable solvents for carrying out the 
reaction include inert solvents. Illustrative examples of such 
solvents are amides (e.g., DMF, etc.), ethers (e.g., diethyl 



ether, etc.), halogenated hydrocarbons (e.g., dichloromethane, 
chloroform, etc.), and the like. The reaction temperature 
range is ordinarily from -20 to 100°C, and preferably from -5 
to 80°C. The reaction time is ordinarily from 5 minutes to 24 
hours, and preferably from 10 minutes to 8 hours. 

Following the formation of the acid halide, formation 
of protected bis ( phosphono )( hydroxy ) -methyl can be achieved for 
example by reaction with trialkyl phosphite in the presence of 
an equimolar proton donor ( preferably , alcohol, acetic acid, 
etc.). Suitable solvents for carrying out the reaction include 
inert solvents. Illustrative examples of such solvents are 
amides (e.g., DMF, etc.), ethers (e.g., diethyl ether, etc.), 
halogenated hydrocarbons (e.g., dichloromethane , chloroform, 
etc.), and the like. The reaction temperature range is 
ordinarily from -20 to 100°C, and preferably from -5 to 50°C. 
The reaction time is ordinarily from 10 minutes to 24 hours, 
and preferably from 30 minutes to 8 hours. 

(c) The sulfonated intermediates may be prepared by 
reacting protected 4 1 -hydroxymethylphenylalanine with 
sulfonating agents in the presence of a base. Suitable 
sulfonating agents include alky 1 sulf onyl halides such 
as methanesulf onyl chloride, arylsulfonyl halides such as 
p-toluenesulfonyl chloride, and the like. Preferred 
sulfonating agents are methanesulf onyl chloride, 
p-toluenesulfonyl chloride, etc. Suitable bases include 
alkylamines such as trialky lamines , nitrogen-containing 
heterocyclic compounds such as pyridine, and the like. 
A preferred base is tr iethylamine . Suitable solvents for 
carrying out the reaction include inert solvents. Illustrative 
examples of such solvents are amides (e.g., DMF, DMAc, etc.), 
aromatic hydrocarbons (e.g., benzene, etc.), ethers (e.g., 
diethyl ether, etc.), halogenated hydrocarbons (e.g., 
dichloromethane, chloroform, etc.), and the like. A preferred 
solvent is dichloromethane. The reaction temperature range is 
ordinarily from -20 to 50°C and preferably from -5 to 20°C. 
The reaction time is ordinarily from 10 minutes to 4 hours, and 
preferably from 30 minutes to 2 hours. 



The resulting sulfonated intermediate is reacted with 
an anion of an imidazole derivative to give a compound of the 
formula (XXII) wherein E is substituted imidazolyl-methyl . 
Reagents for forming the anion include those ordinarily 
utilizable in conventional reactions. Illustrative examples of 
such reagents are alkali metal hydrides such as sodium hydride, 
LDA, lithium bi s ( trimethylsi lyl ) -amide , alcoholates including 
for example, alkali metal alcoholates such as sodium methoxide, 
sodium ethoxide, sodium propoxide, potassium tert-butoxide and 
potassium ethoxide, etc. A preferred base is sodium hydride. 

Compounds of the formula (XX) may be prepared by 
introducing a protecting group such as a Boc group, a Z 
radical, and a substituted benzy loxycarbony 1 moiety, into an 
amino moiety of a compound of the formula (XIX). 

For example, introduction of a Z radical can be 
achieved by treatment with chlorobenzy If ormate in the presence 
of an ordinarily utilizable base (e.g., sodium carbonate, 
potassium carbonate, sodium bicarbonate, sodium hydroxide, 
potassium hydroxide, etc.). Suitable solvents for carrying out 
the reaction include ethers (e.g., dioxane, etc.), ketones 
(e.g., acetone, etc.), water, and mixture thereof. 
The reaction temperature range is ordinarily from -20 to 30°C, 
and preferably from -5 to 5°C. The reaction time is ordinarily 
from 2 to 24 hours, and preferably from 6 to 15 hours. 

The compounds of the formula (XXII) may be prepared 

by reacting the compound (XX) with an amine compound of the 

formula (XXI) according to conventional coupling techniques 

wherein has the meaning as given above, but is preferably 
13 

hydrogen, and R has the meaning as given above, but is 

preferably ( c 1 ~ c 4 ) alkyl (more preferably methyl), ( c 3 ~ c 6 ' 

alkyl (more preferably cyclopropyl ) , optionally substituted 

(C -C ) alkyl (more preferably 2-N , N-dimethy lethy 1 , protected 
1 4 

2-carboxyethyl , protected 2-hydroxyethyl , protected 2-hydroxy- 
1 , 1-dimethy lethy 1 , protected 2-hydroxy-l-methy lethy 1 , or 
protected 6 , 6-bis( phosphono ) -6- ( hydroxy ) -hexyl ) , or a 
heterocyclic group (more preferably piperidinyl, or 
morpholinyl ) . Suitable coupling agents include DCC, EDC-HC1, 



Is. 
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N-ethoxycarbonyl-2-ethoxy-l, 2-dihydroquinoline (EEDQ) , 
1-hydroxybenzotriazole (HOBT) derivatives, N-hydroxy-5- 
norbornene-2,3-dicarboximide ( HONB ) derivatives, N-hydroxy- 
succinimide (HOSu) derivatives, carbonate monoalkyl ester 
derivatives formed by treatment with isobuty loxycarbonyl 
chloride or ethy loxycarbonyl chloride, diphenylphosphory 1- 
azide (DPPA), and the like. A preferred coupling agent is 
EDC-HC1. Suitable solvents for carrying out the reaction are 
not limited as long as they do not inhibit the process of 
reactions but are capable of dissolving starting materials. 
Illustrative examples of such solvents include DMF, DMAc, ethyl 
acetate, diethyl ether, dichloromethane , chloroform, dioxane, 
p etc. A preferred solvent is DMF. The reaction temperature 

;2 range is ordinarily from -20 to 50°C, and preferably from -15 

to 30°C. The reaction time is ordinarily from 1 to 24 hours, 
and preferably from 2 to 15 hours. 

The compounds of the formula (III) which are useful 
as intermediates for the production may be prepared by removal 
of an amino-protecting group from the compound (XXII). 
Deprotection may be carried out according to a prior art 
technique well known to artisans, which varies depending on 
the particular protecting group employed. For example, the 
protecting group, Z, can be readily removed by hydrogenation . 
Suitable catalysts for the hydrogenation include palladium on 
carbon, platinum catalysts, etc., and preferably palladium on 
carbon. Suitable solvents for carrying out the reaction 
include, but are not limited to, inert organic solvents and 
the like as long as they do not poison the catalyst. 
Illustrative examples of such solvents are alcohols (e.g., 
methanol, ethanol, etc.), amides (e.g., DMF, DMAc, etc.), 
acetic acid, and water, and preferably methanol. The reaction 
temperature range is ordinarily from 0 to 50°C and preferably 
from 10 to 30°C. The reaction time varies depending on the 
particular starting material, solvent, reaction temperature, 
and the like employed, but it is ordinarily from 1 to 24 hours, 
and preferably from 1 to 6 hours. 
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Described below are processes for the preparation 
of intermediates (V). 




Compounds of the formula (XXIII) may be prepared by 
de-esterif ication of a compound of the formula (XII). 
r 10 , R 15 , and R 16 , all have the meanings as given above, but it 
is preferable for the production of the compound (XXIII) that 
R 16 is 2 , 2 , 2-trichloroethyl , and both R 10 and R 15 are benzyl. 
For example, when both R 10 and R 15 are benzyl, the 
de-esterif ication can be achieved by hydrogenation . 
Suitable catalysts for the hydrogenation include palladium on 
carbon, platinum catalysts, etc., and preferably palladium on 
carbon. Suitable solvents for carrying out the reaction 
include inert organic solvents and the like as long as they do 
not poison the catalyst. Illustrative examples of such 



solvents are alcohols (e.g., methanol, ethanol, etc.), THF, 
DMF, DMAc, acetic acid, water, and mixtures thereof. 
A preferred solvent is THF. The reaction temperature range is 
ordinarily from 0 to 50°C, and preferably from 10 to 30°C. 
The reaction time varies depending on the particular starting 
material, solvent, reaction temperature, and the like employed, 
but it is ordinarily from 1 to 24 hours, and preferably from 1 
to 6 hours. 

Compounds of the formula (XXIV) may be prepared by 
reacting a succinic acid derivative of the formula (II) with 
an alcohol in the presence of a coupling agent such as 
N , N ' -dicyclohexy lcarbodiimide (DCC), and l-ethyl-3- ( 3-dimethyl- 
aminopropyl ) -carbodiimide hydrochloride (EDC-HCl), along with 
a base such as N,N-dimethylamino-pyridine . Suitable alcohols 
include, but are not limited to, methanol, ethanol, n-propyl 
alcohol, iso-propyl alcohol, tert-butyl alcohol, phenol, benzyl 
alcohol, phenacyl alcohol, 2 , 2 , 2-trichloroethanol , and the like 
(preferably 2 , 2 , 2-trichloroethanol ) . Suitable solvents for 
carrying out the reaction include inert organic solvents. 
Illustrative examples of such solvents are saturated 
hydrocarbons (e.g., n-hexane, etc.), ethers (e.g., THF, etc.), 
aromatic hydrocarbons (e.g., benzene, toluene, etc.), amides 
(e.g., DMF, DMAc , etc.), and halogenated hydrocarbons (e.g., 
dichloromethane, chloroform, etc.). A preferred solvent is 
dichloromethane. The reaction temperature range is ordinarily 
from -30 to 30°C, and preferably from -10 to 20°C. 
The reaction time varies depending on the particular starting 
material, solvent, reaction temperature, and the like employed, 
but it is ordinarily from 1 to 24 hours, and preferably from 3 
to 15 hours. 

Compounds of the formula (XXV) may be prepared by (a) 
decarboxylating a compound of the formula (XXIII), or 
partially de-esterif ying a compound of the formula (XXIV). 

(a) Decarboxylation of the compound (XXIII) may be 
carried out when heated in an inert solvent. Suitable inert 



organic solvents include for example saturated hydrocarbons 

(e.g., n-hexane, etc.), aromatic hydrocarbons (e.g., toluene, 

benzene, etc.), etc. A preferred solvent is toluene. 

The reaction temperature range is ordinarily from 70 to 150°C, 

and preferably from 100 to 120°C. The reaction time varies 

depending on the particular starting material, solvent, 

reaction temperature, and the like employed, but it is 

ordinarily from 1 to 5 hours, and preferably from 2 to 3 hours 

(b) Partial de-esterif ication of the compound (XXIV) may 

10 

be achieved for example by hydrogenation when R is benzyl 

10 . 

or by treatment with an acid when R is tert-butyl. 
Suitable catalysts for the hydrogenation include palladium on 
carbon, platinum catalysts, etc., and preferably palladium on 
carbon. Suitable solvents for carrying out the reaction 
include inert organic solvents and the like as long as they do 
not poison the catalyst. Illustrative examples of such 
solvents are alcohols (e.g., methanol, ethanol, etc.), ethers 
(e.g., THF, etc.), amides (e.g., DMF, DMAc , etc.), acetic acid 
and water. A preferred solvent is THF. The reaction 
temperature range is ordinarily from 0 to 50°C, and preferably 
from 10 to 30°C. The reaction time varies depending on the 
particular starting material, solvent, reaction temperature, 
and the like employed, but it is ordinarily from 1 to 24 hours 
and preferably from 1 to 6 hours. Suitable acids include 
trif luoroacetic acid (TFA), solutions containing hydrochloric 
acid in organic solvents such as ethyl acetate and dioxane, an 
the like. A preferred acid is TFA which also serves as a 
solvent. The reaction temperature range is ordinarily from 
-10 to 50°C, and preferably from 0 to 30°C. The reaction time 
varies depending on the particular diester compound (XXIV), 
acid, reaction temperature, and the like employed, but it is 
ordinarily from 30 minutes to 24 hours, and preferably from 1 
15 hours. 

Compounds of the formula (XXVII) may be prepared by 
converting a half ester compound of the formula (XXV) into an 
acid halide thereof, followed by treatment with a protected 
hydroxyamine compound of the formula (XXVI), but it is 



preferred for the purpose of selectively removing the 

protecting group, R 16 , separate from the protecting groups, 

1 2 16 

R and R , that R is 2 , 2 , 2-trichloroethy 1 . 

Formation of the acid halide is accomplished by treatment with 
thionyl chloride, or with dimethy Ichlorof ormiminium chloride 
formed from oxalyl chloride and DMF . Suitable solvents for 
carrying out the reaction include inert solvents. Illustrative 
examples of such solvents are aromatic hydrocarbons (e.g., 
benzene, toluene, etc.), amides (e.g., DMF, DMAc, etc.), ethers 
(e.g., diethyl ether, etc.), and halogenated hydrocarbons 
(e.g., dichloromethane, chloroform, etc.), and the like. 
A preferred solvent is dichloromethane. The reaction 
temperature range is ordinarily from -20 to 100°C, and 
preferably from -5 to 80°C. The reaction time is ordinarily 
from 5 minutes to 24 hours, and preferably from 10 minutes to 
8 hours. 

The resulting acid halide can be reacted with the 
protected hydroxyamine compound (XXVI) in the presence of a 
base to give the target intermediate. Suitable solvents for 
carrying out the reaction include inert solvents. Illustrative 
examples of such solvents are aromatic hydrocarbons (e.g., 
benzene, toluene, etc.), amides (e.g., DMF, DMAc, etc.), ethers 
(e.g., diethyl ether, etc.), and halogenated hydrocarbons 
(e.g., dichloromethane , chloroform, etc.), and the like. 
A preferred solvent is dichloromethane. Suitable bases include 
tertiary amines such as trialky lamine and pyridine. 
A preferred base is tr iethylamine . The reaction temperature 
range is ordinarily from -20 to 50°C, and preferably from -5 to 
30°C. The reaction time is ordinarily from 5 minutes to 24 
hours, and preferably from 10 minutes to 5 hours. 

Compounds of the formula (V) may be prepared by 
de-esterif ication of a compound of the formula (XXVII). 
For example, when R 16 is 2 , 2 , 2-trichloroethy 1 , deprotection 
is accomplished by treatment with zinc in acetic acid which 
serves as a solvent for carrying out the reaction. 
The reaction temperature range is ordinarily from 0 to 50°C, 
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and preferably from 5 to 40°C. The reaction time is ordinarily 
from 30 minutes to 15 hours, and preferably from 1 to 5 hours. 

Described below are processes for the preparation 
of intermediates (IV) and (VI), together with the target 
compounds ( I ) . 
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Routes for the production of intermediates (IV) 
and (VI), and target compounds (I) 




XXIX 



In the above Scheme, R to R , all have the meanings 
as given above. 

Compounds of the formula (IV) may be prepared by 

reacting the intermediate (II) with the intermediate (III) 

10 

according to conventional coupling techniques wherein R 

has the meaning as given above, but is a carboxy-protecting group, 

including for example, unsubstituted or optionally substituted 

alkyl, unsubstituted or optionally substituted aralkyl, and 

the like; preferably tert-butyl, benzyl, substituted benzyl, 

phenacyl, or 2 , 2 , 2-trichloroethy 1 ; and more preferably 

tert-butyl, or benzyl). 

Coupling agents used in this reaction include DCC, 
EDC-HC1, EEDQ, HOBT derivatives, HONB derivatives, HOSu 
derivatives, carbonate monoalkyl ester derivatives formed by 
treatment with isobuty loxycarbony 1 chloride or ethy loxycarbony 1 
chloride, DPPA, and the like. A preferred coupling agent is 
EDC-HCl. Suitable solvents for carrying out the reaction are 
not limited as long as they do not inhibit the process of 
reactions but are capable of dissolving starting materials. 
Illustrative examples of such solvents include amides (e.g., 
DMF, DMAc , etc.), esters (e.g., ethyl acetate, etc.), ethers 
(e.g., diethyl ether, dioxane, etc.), halogenated hydrocarbons 
(e.g., dichloromethane, chloroform, etc.), and the like. 
The reaction temperature range is ordinarily from -20 to 50°C, 
and preferably from -15 to 30°C. The reaction time is 
ordinarily from 1 to 24 hours, and preferably from 2 to 15 
hours . 

Compounds of the formula (XXVIII) may be prepared by 

first de-esterif ication of the compound of the formula (IV) 

14 

and, as required, then conversion of R into the target 

9 

functional group, R . For example, the de-esterif ication can 
be effected by treatment of the tert-butyl ester with a 
solution which is prepared by dissolving trif luoroacetic acid 
or hydrogen chloride in ethyl acetate or dioxane. The reaction 
temperature range is ordinarily from -10 to 20°C, and 
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preferably from -5 to 5°C. The reaction time varies depending 
on the particular starting material, acid, reaction 
temperature, and the like employed, but it is ordinarily 
from 1 to 24 hours, and preferably from 1 to 15 hours. 

^ 14 

Following the above process, conversion of R into 

R 9 or of R 11 into R 3 may be carried out. For example, when 

9 

R 14 is a radical containing a protected amino group and R 
is an acetimidoylimino radical, the conversion can be 
accomplished by first removal of an amino group protection and 
then treatment with ethyl acetimidate. When the 
amino-protecting group is Boc, it is removed by treatment with 
TFA simultaneously with removal of the tert-butyl ester. 
Alternatively, when it is Z, the deprotection is accomplished 
by hydrogenolysis . 

Suitable catalysts for the hydrogenation are those 
including palladium on carbon, platinum, etc., and preferably 
palladium on carbon. Suitable solvents for carrying out the 
reaction include inert organic solvents and the like as long as 
they do not poison the catalyst. Illustrative examples of such 
solvents are alcohols (e.g., methanol, ethanol , etc.), ethers 
(e.g., THF, etc.), amides (e.g., DMF, DMAc, etc.), acetic acid, 
and water, and preferably methanol. The reaction temperature 
range is ordinarily from 0 to 50°C and preferably from 10 to 
30°C. The reaction time varies depending on the particular 
starting material, solvent, reaction temperature, and the like 
employed, but it is ordinarily from 1 to 24 hours, and 
preferably from 1 to 15 hours. 

Introduction of an acetimidoyl moiety into the 
deprotected amino radical may be accomplished by treatment with 
ethyl acetimidate in the presence of a member selected from 
customarily utilizable bases (inorganic bases such as sodium 
carbonate, potassium carbonate, sodium hydroxide and potassium 
hydroxide, and organic bases such as trialky lamine , 
N-methylmorpholine, pyridine and N,N-dimethylaminopyridine) . 
Suitable solvents for carrying out the reaction are not limited 
as long as they do not inhibit the process of reactions but 



are capable of dissolving starting materials. Illustrative 
examples of such solvents include amides (e.g., DMF, DMAc, 
etc.), esters (e.g., ethyl acetate, etc.), ethers (e.g., 
diethyl ether, dioxane, etc.), halogenated hydrocarbons (e.g., 
dichloromethane , chloroform, etc.), and the like. A preferred 
solvent is DMF. The reaction temperature range is ordinarily 
from -20 to 50°C, and preferably from -15 to 30°C. The 
reaction time is ordinarily from 5 minutes to 24 hours, and 
preferably from 10 minutes to 15 hours. 

Compounds of the formula (XXIX) may be prepared by 
reacting the carboxylic acid compound (XXVIII) with a protected 
hydroxy-containing hydroxyamine compound according to 
conventional coupling techniques wherein the hydroxy-protecting 
group is selected from those known to artisans in the art, but 
include for example, unsubstituted or substituted benzyl, 
trialkylsilyl , tert-butyldiphenylsilyl , tetrahydropyrany 1 , 
tert-butyl, and the like (preferably benzyl). 

Coupling agents used in this reaction include DCC, 
EDC-HCl, EEDQ, HOBT derivatives, HONB derivatives, HOSu 
derivatives, carbonate monoalkyl ester derivatives formed by 
treatment with isobutyloxycarbony 1 chloride or ethy loxycar bony 1 
chloride, DPPA, and the like. A preferred coupling agent is 
EDC-HCl. Suitable solvents for carrying out the reaction are 
not limited as long as they do not inhibit the process of 
reactions but are capable of dissolving starting materials. 
Illustrative examples of such solvents include amides (e.g., 
DMF, DMAc, etc.), esters (e.g., ethyl acetate, etc.), ethers 
(e.g., diethyl ether, dioxane, etc.), halogenated hydrocarbons 
(e.g., dichloromethane, chloroform, etc.), and the like. 
A preferred solvent is DMF. The reaction temperature range is 
ordinarily from -20 to 20°C, and preferably from -15 to 0°C. 
The reaction time is ordinarily from 1 to 72 hours, and 
preferably from 2 to 48 hours. 

Compounds of the formula (VI) may be prepared by 
reacting the intermediate (III) with the intermediate (V) 
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according to conventional coupling techniques wherein both 

R 1 and R 2 have the meanings as given above, but preferably 

R 1 is tert-butyl, benzyl, substituted benzyl, or Boc, 

2 

more preferably benzyl, and R is Boc or Z. 

Coupling agents used in this reaction include DCC, 
EDC-HCl, EEDQ, HOBT derivatives, HONB derivatives, HOSu 
derivatives, carbonate monoalkyl ester derivatives formed by 
treatment with isobuty loxycarbonyl chloride or ethy loxycarbony 1 
chloride, DPPA, and the like. A preferred coupling agent is 
EDC-HCl. Suitable solvents for carrying out the reaction are 
not limited as long as they do not inhibit the process of 
reactions but are capable of dissolving starting materials. 
Illustrative examples of such solvents include amides (e.g., 
DMF, DMAc , etc.), esters (e.g., ethyl acetate, etc.), ethers 
(e.g., diethyl ether, dioxane, etc.), halogenated hydrocarbons 
(e.g., dichloromethane, chloroform, etc.), and the like. 
The reaction temperature range is ordinarily from -20 to 20°C, 
and preferably from -15 to 0°C. The reaction time is 
ordinarily from 1 to 24 hours, and preferably from 2 to 15 
hours . 

The compounds of the formula (I) may be prepared by 
deprotection of the hydroxy- and/or amino-protecting group(s) 
on the compound (VI) or (XXIX), and, as required, optional 
conversion of R 11 into R 3 , R 12 into R , R into R , and/or 

14 . 9 
R into R . 

When the hydroxy-protecting group is benzyl and the 
amino-protecting group is Z or (Cl-Z), the protecting groups 
are deprotected by hydrogenolysis simultaneously. 
For removal of benzyl by hydrogenolysis, suitable catalysts for 
the hydrogenation are those including palladium on carbon, 
platinum, etc., and preferably palladium on carbon. 
Suitable solvents for carrying out the reaction include inert 
organic solvents and the like as long as they do not poison the 
catalyst. Illustrative examples of such solvents are alcohols 
(e.g., methanol, ethanol , etc.), amides (e.g., DMF, DMAc, etc.), 
acetic acid, and water. A preferred solvent is methanol or 
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acetic acid. The reaction temperature range is ordinarily from 
0 to 100°C, and preferably from 10 to 50°C. The reaction time 
varies depending on the particular starting material, solvent, 
reaction temperature, and the like employed, but it is 
ordinarily from 1 to 24 hours, and preferably from 1 to 15 
hours . 

14 . 

Following the above process, conversion of R into 
q 14 ... . 

R may be carried out. For example, when R is a radical 

9 

containing a protected amino group and R is an acetimidoyl- 
imino radical, the conversion can be accomplished by first 
removal of an amino group protection and then treatment with 
ethyl acetimidate . 
\'i Introduction of an acetimidoyl moiety into the 

s ; = 

m deprotected amino radical may be accomplished by treatment with 

H ethyl acetimidate in the presence of a member selected from 

customarily utilizable bases (inorganic bases such as sodium 
rU carbonate, potassium carbonate, sodium hydroxide and potassium 

hydroxide, and organic bases such as trialky lamine , 
N-methylmorpholine, pyridine and N , N-dimethy laminopyr idine ) . 
Suitable solvents for carrying out the reaction are not limited 
as long as they do not inhibit the process of reactions but 
are capable of dissolving starting materials. Illustrative 
examples of such solvents include amides (e.g., DMF, DMAc, 
etc.), esters (e.g., ethyl acetate, etc.), ethers (e.g., 
diethyl ether, dioxane, etc.), halogenated hydrocarbons (e.g., 
dichloromethane, chloroform, etc.), and the like. A preferred 
solvent is DMF. The reaction temperature range is ordinarily 
from -20 to 50°C, and preferably from -5 to 30°C. The reaction 
time is ordinarily from 5 minutes to 24 hours, and preferably 
from 10 minutes to 15 hours. 

The reaction products so prepared may be subjected 
to ordinarily separation and purification processes after 
completion of the reactions. The products can be readily 
isolated by methods including for example extraction with water 
or an organic solvent, concentration, neutralization, 
distillation, column chromatography and recrystallization . 
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The resulting compounds may be in the form of solvates or salts 
(including acid addition salts). Further, the inventive 
compounds may include those salts derived from medicinally, 
pharmaceutical ly or physiologically acceptable acids and bases. 
These salts are not limited to, but include: those of inorganic 
acids such as hydrochloric acid, hydrobromic acid, hydroiodic 
acid, sulfuric acid, nitric acid, phosphoric acid, and 
perchloric acid; occasionally, those of organic acids such as 
acetic acid, propionic acid, oxalic acid, succinic acid, citric 
acid, ascorbic acid, lactic acid, p-toluenesulf onic acid, 
methanesulf onic acid, fumaric acid, tartaric acid, and maleic 
acid; those of inorganic bases including alkali or alkaline 
earth metals such as sodium, potassium, calcium, and magnesium, 
and ammonium, and those of organic bases including for example 
i!3 dialkylamines such as dimethy lamine , and diethy lamine , 

trialkylamines , dibenzylamine , ethanolamine , triethanolamine , 
q morpholine, N-methylmorpholine , piperidine and the like. 

iU These compounds (I) may be converted into salts of 

^ pharmaceutical ly or physiologically acceptable acids or bases 

by conventional methods. Examples of such salts are those of 
inorganic acids, including hydrochloride, sulfate, and nitrate; 
depending on the particular inventive compound, those of 
^ organic acids, including acetate, oxalate, succinate, and 

maleate; those of alkali metals, including a sodium salt, and 
a potassium salt; those of alkaline earth metals, including a 
a calcium salt; and the like. 



in 



The diseases and/or disorders, associated with tissue 
degradation, which are targets for application of the compounds 
prepared according to the present invention include Alzheimer's 
disease, Parkinson's disease, pancreatitis, ulcerative colitis, 
aphthous ulcer, autoimmune diseases (including chronic 
rheumatoid arthritis, Crohn's disease, and anemia associated 
with autoimmune diseases), osteoarthritis, periodontal diseases 
and disorders, corneal ulcer, uveitis, a variety of bullae 
(including congenital epidermolysis bullosa, acquired 
epidermolysis bullosa, porphyria cutanea tarda ( PCT ) , 



pemphigoid, and pemphigus vulgaris), refractory dermal ulcers 
(including bedsore, dermal ulcer in radiotherapeutic patients, 
dermal ulcer in diabetic patients, and dermal ulcer in patients 
suffering from arteriosclerosis obliterans), osteoporosis, 
Behcet's disease, aberrant angiogenesis (accompanying tumor 
growth, and including lymphoma, ovary cancer, and tumor 
metastasis and invasion), cachexia, various infectious diseases 
(including malaria, hepatitis C, HIV infection, tuberculosis, 
and septicemia), multiple sclerosis, psoriasis, diabates, 
schizophrenia, depression, etc. 

The so produced compounds (I) and salts thereof are 
low-toxic and well absorbed via oral routes. The compounds (I) 
and salts thereof intensively inhibit the actions of vertebrate 
matrix metal loproteinases (MMPs) and/or tumor necrosis factor- 
s-converting enzymes ( TNF- €L convertases ) , and serve as 
useful inhibitors of MMPs and/or TNF- OL convertases, in 
tissues of animals, especially mammals (e.g., human, canine, 
rabbit, rat, etc.) and the like. 

Thus, the compounds ( I ) of the present invention and 
salts thereof are promising agents for prophylactical ly and/or 
therapeutically treating diseases and/or disorders in which 
vertebrate MMPs and/or TNF- <X convertases have been implicated, 
for example, those associated with tissue degradation, 
including Alzheimer's disease, Parkinson's disease, 
pancreatitis, ulcerative colitis, aphthous ulcer, autoimmune 
diseases (including chronic rheumatoid arthritis, Crohn's 
disease, and anemia associated with autoimmune diseases), 
osteoarthritis, periodontal diseases and disorders, corneal 
ulcer, uveitis, a variety of bullae (including congenital 
epidermolysis bullosa, acquired epidermolysis bullosa, 
porphyria cutanea tarda ( PCT ) , pemphigoid, and pemphigus 
vulgaris), refractory dermal ulcers (including bedsore, dermal 
ulcer in radiotherapeutic patients, dermal ulcer in diabetic 
patients, and dermal ulcer in patients suffering from 
arteriosclerosis obliterans), osteoporosis, Behcet's disease, 
aberrant angiogenesis (accompanying tumor growth, and including 
lymphoma, ovary cancer, and tumor metastasis and invasion), 



cachexia, various infectious diseases (including malaria, 
hepatitis C, HIV infection, tuberculosis, and septicemia), 
multiple sclerosis, psoriasis, diabates, schizophrenia, 
depression, etc. It should be noted that the compounds (I) of 
the present invention and salts thereof have not only potent 
inhibitory activity on MMPs and/or TNF- Ct convertases but 
also excellent bioavailability via oral administration routes 
and other routes (e.g., oral adsorbability , etc.), whereby they 
may be readily applied not only for the prophylaxis and/or 
treatment of diseases and/or disorders associated with the 
degradation of tissues but also for preventing the 
deterioration of such diseases and/or disorders and may 
be used as advantageous drugs. 

In embodiments of the present invention, the 
compounds produced according to the present invention, i.e., 

e 

N a - [ 4- ( Hydroxyamino ) -2 ( R ) -isobutyl-3 ( RS ) -methyl succinyl ] -N - 
acetimidoyl-L-lysine N-methylamide • 1 acetate 

N a - [ 4- ( Hydroxyamino ) -2 ( R ) -isobutyl-3 ( RS ) -methyl succinyl ] - 
4 1 -aminomethyl-L-phenylalanine N-methy lamide • 1 acetate 

N a -[4-(Hydroxyamino)-2(R) ,3(R or S ) -diisobuty Isucciny 1 ] - 
L-arginine N-methy lamide * 1 acetate 

N a - [ 4- ( Hydroxyamino ) -2 { R ) -isobutyl-3 ( RS ) -methyl succinyl ] - 
L-arginine N-methy lamide • 1 acetate 

N 4 _ [ 3-Guanidino-l ( S ) -methy lcarbamoy lpropy 1 ] -N -hydroxy-3 ( R ) - 
isobutyl-2-(RS )-( 3-pheny lpropy 1 )succinamide • 1 acetate 

N 4 - [ 3-Guanidino-l ( S ) -methy lcarbamoy lpropy 1 ] -N -hydroxy- 
3(R) ,2(RS)-diisobutylsuccinamide • 1 acetate 

N 4 - [ 3-Guanidino-l ( S ) -methy lcarbamoy lpropy 1 ] -N -hydroxy-3 ( R ) - 
isobutyl-2(R or S ) -methy lsuccinamide • 1 acetate 

N a - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1 -3 ( RS ) -methy 1 succinyl ] - 
L-ornithine N-methylamide * 1 acetate 

N a - [4-( Hydroxyamino) -2 ( R ) -isobuty 1 -3 ( RS )- ( 3-pheny lpropy 1 )- 
succinyl ]-N e -acetimidoyl-L-lysine N-methylamide • 1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methy Isuccinyl ] 
4 • -[ tetramethyl bis ( phosphono ) methy limine ] -L-pheny la lanine 



N-methylamide 
a 

N -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methy lsuccinyl ] - 

4 * - [ trimethy 1 bis ( phosphono ) methylimino] -L-pheny lalanine 

N-methylamide • 1 sodium salt 
a 

N - [ 4- ( Hydroxyamino ) -2 ( R ) -isobutyl-3 ( RS ) -methy 1 succinyl ] - 

4 1 - [ tetraethy 1 bis ( phosphono ) methyl imino ] -L-pheny lalanine 

N-methylamide 
a 

N -[ 4- ( Hydroxyamino ) -2 (R ) -isobutyl-3 ( RS ) -methyl succinyl ] -4 ' - 
[ triethyl bis ( phosphono ) methyl imino ] -L-pheny lalanine N-methyl- 
amide • 1 sodium salt 
a 

N -[4- (Hydroxyamino) -2 (R) , 3 ( RS ) -diisobutyl succinyl ] -4 • -amino- 

methyl-L-phenylalanine N- ( 2-hydroxyethyl )amide • 1 acetate 
a 

N -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 3-pheny lpropy 1 ) 
e 

succinyl ] -N -acetimidoyl-L-lysine N- ( 2-hydroxyethyl )amide • 1 

acetate 
a 

N -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methylsuccinyl ] - 

L-ornithine N-cyclopropy lamide • 1 acetate 
a 

N - [ 4- ( Hydroxyamino ) -2 { R ) -isobutyl-3 { RS ) -methylsuccinyl ] - 

L-lysine N-methylamide • 1 acetate 

a e 
N -[4-(Hydroxyamino)-2(R)-isobutyl-3(RS)-methylsuccinyl]-N - 

acetimidoyl-L-lysine N- [ 2 -hydroxy- 1 ( RS ) -methy 1 ethyl ] amide • 

1 acetate 

a e 
N - [ 4- ( Hydroxyamino ) -2 ( R ) -isobutyl-3 ( RS ) -methylsuccinyl ] -N - 

acetimidoyl-L-lysine N- ( piperidin-l-y 1 )amide • 1 acetate 
a 

N -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methylsuccinyl ] - 
4 • -acetimidoyliminomethyl-L-phenylalanine N-methylamide * 

1 acetate 
a 

N -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methylsuccinyl ] - 
4 1 -acetimidoyliminomethyl -L-pheny lalanine N- ( morpholin-4-yl ) - 
amide • 1 acetate 

N - [ 4- (Hydroxyamino ) -2 (R ) -isobutyl-3 ( S ) -hydroxy succinyl ] -4 • - 

acetimidoyliminomethyl-L-phenylalanine N-methylamide- 1 acetate 
a 

N - [ 4- ( Hydroxyamino ) -2 ( R ) -isobutyl-3 ( RS ) - ( 3-pheny lpropy 1 ) - 
e 

succinyl]-N -acetimidoyl-L-lysine N-(2-N' , N ' -dimethylaminoethy 1 ) 

amide * 2 acetate 

a e 
N -[4-(Hydroxyamino)-2(R)-isobutyl-3(RS)-methylsuccinyl]-N - 




-66- 



propionimidoyl-L-lysine N-methylamide • 1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(RS)-[3-( 4 1 -guanidino- 

phenyl )propyl ]succinyl ] -L-ornithine-N-methylamide * 2 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 3-pheny Ipropy 1 ) 

succinyl ] -4 ■ -aminomethyl-L-pheny lalanine N-methy lamide • 

1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( p-aminomethyl- 
benzyl )succinyl ] -L-ornithine N-methy lamide • 2 acetate 

N a _[4_( Hy d r0 xyamino)-2(R)-isobutyl-3(R or S ) - ( p-aminomethy 1 - 
benzyl ) succinyl ] -4 • -aminomethy 1-L-phenylalanine N-methylamide • 

2 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ p- ( p-toluene- 
sulf onamidomethyl ) benzyl ] succinyl ]-L-arginine N-methylamide • 
1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( p-phthalimido- 
methylbenzyl ) succinyl ] -L-arginine N-methylamide • 1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( p-methane- 
sulfonamidomethylbenzyl ) succinyl ] -L-arginine N-methylamide • 
1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( m-aminomethyl - 
benzyl ) succinyl ] -L-alanine N-methylamide- 1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 2-phenoxy- 
ethyl ) succinyl ] -L-arginine N-methylamide- 1 acetate 

N a -[ 4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - { 3-cyclohexy 1- 
propyl ) succinyl ] -L-arginine N-methylamide • 1 acetate 

N a -[4-(Hydroxyamino)-2(R)-(2-naphthylmethyl)-3(R or S)-(3- 
phenylpropyl ) succinyl ] -L-arginine N-methylamide * 1 acetate 

N a _[4_(Hydroxyamino)-2(R)-isobutyl-3{R or S ) - (o-aminomethyl- 
benzyl ) succinyl ] -L-alanine N-methylamide- 1 acetate 

N a _ [ 4 _ ( Hydroxyamino ) -2 ( R ) -isobutyl-3 ( RS ) - [ 3- ( p-aminomethy 1- 
phenyl )propyl ] succinyl ]-L-alanine N-methylamide • 1 acetate 

N a -[ 4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( m-isopropy 1 - 
iminomethylbenzyl) succinyl ]-L-alanine N-methylamide • 1 acetate 

N a -[ 4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( o-amino- 
methylphenyl )propyl ] succinyl ]-L-alanine N-methylamide • 
1 acetate 




-67- 



N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( p-amino- 
methylphenyl )propyl ]succinyl ]-L-lysine N-methylamide- 2 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 5- ( acetimidoy 1- 
imino ) pentyl ] succiny 1 ] -L-alanine N-methy lamide 

N a _[4_ (H ydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 5- ( isopropy 1- 
imino ) pentyl ] succiny 1 ] -L-alanine N-methylamide 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 5- ( pyridin-4- 
ylmethylimino)pentyl ] succiny 1 ] -L-alanine N-methylamide * 
1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( p-methoxy- 
car bony lpheny 1 ) propyl ] succiny 1 ]-L- lysine N-methylamide • 
1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 2- ( 2-ethoxy- 
ethoxy )ethyl ]succinyl ]-L-lysine N-methylamide 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( p-carboxy- 
phenyl )propyl ] succiny 1 ] -L-lysine N-methylamide 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 8-hydroxyocty 1 ) 
succinyl ] -L-lysine N-methylamide* 1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 2-n-buty loxy- 
ethyl ) succinyl ] -L-lysine N-methylamide- 1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 2-isobuty loxy- 
ethyl ) succinyl ] -L-lysine N-methylamide- 1 acetate 

N a -[4-{Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( m-methoxy- 
carbony lphenyl )propyl ] succinyl ] -L-lysine N-methylamide • 
1 acetate 

N a -[ 4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( p-hydroxy- 
phenyl )propyl Jsuccinyl ]-L-lysine N-methylamide- 1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( morphol in- 
4-yl )propyl ] succinyl ] -L-lysine N-methylamide- 1 acetate 

N a -[ 4-(Hydroxyamino)-2(R)-isopropyl-3(R or S ) - ( 3-pheny 1- 
propyl ) succinyl ] -L-lysine N-methylamide • 1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( m-carboxy- 
phenyl )propyl ] succinyl ] -L-lysine N-methylamide- 1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( piperidin- 
1-yl )propyl ] succinyl ] -L-lysine N-methylamide- 2 acetate 
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N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methy Isuccinyl ] - 
N e -benzimidoyl-L-lysine N-methy lamide • 1 acetate 

N 4 -[3-Amino-l(S)-methylcarbamoylpropyl ]-N -hydroxy-2(R or S)- 
[ 3- ( p-aminomethylpheny 1 ) propyl ] -3 ( R ) -isobuty lsuccinamide • 
2 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S )-[ 3- ( p-amino- 
methylpheny 1 )propy 1 ] succiny 1 ] -L-tert-leucine N-methylamide • 
1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S )-[ 3- ( p-amino- 
methylpheny 1 ) propyl ] succiny 1 ] -L-ornithine N-methylamide • 

1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( p-guanido- 
methylphenyl )propyl Isuccinyl ] -L-ornithine N-methylamide • 

2 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( 3 , 4 , 4- 
tr imethyl -2 , 5-dioxo-imidazolidin-l-yl ) propyl Isuccinyl ]-L- lysine 

N-methylamide 

N a _[4_ ( Hydroxyamino)-3(S)-isobutyl-2(R or S ) - ( 8-hydroxyocty 1 ) 
succinyl ]-L-lysine N-methylamide- 1 acetate 

N a -[4-(Hydroxyamino)-2(R) ,3(R or S ) -diisobutyl succiny 1 ] -4 ' - 
aminomethyl-L-phenylalanine N- ( 2-carboxyethy 1 ) amide • 1 acetate 

N a -[4-(Hydroxyamino)-2(R) ,3(R or S ) -diisobutylsucciny 1 ] -4 ' - 
acetimidoyliminomethyl-L-phenylalanine N- ( 2-carboxyethy 1 ) amide • 

1 acetate ^ 

N 4 - [ 2-Amino-2-methy 1-1 ( RS ) -methy lcarbamoy Ipropy 1 ] -N -hydroxy- 
2(R or s)-[3-(p-aminomethylphenyl)propyl]-3(R)-isopropylsuccin- 

amide * 2 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methy Isuccinyl ] - 
4 1 -aminomethyl-L-phenylalanine N- ( morphol in-4-yl ) amide • 

1 acetate 

N a - [ 4- { Hydroxyamino ) -2 (R ) -isobuty 1-3 ( S ) -hydroxysucciny 1 ] -4 ' - 
aminomethyl-L-phenylalanine N-methylamide • 1 acetate 

N a -[4-(Hydroxyamino)-2(R) ,3(R or S ) -diisobuty Isuccinyl ] -4 1 - 
aminomethyl-L-phenylalanine N-(2-N f / N < -dimethy laminoethy 1 )amide 

2 acetate 
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N a -[ 4-(Hydroxyamino)-2 (R) ,3(R or S ) -diisobutylsucciny 1 ] -4 ' - 
acetimidoyliminomethyl-L-phenylalanine N- ( 2-N ' , N ' -dimethy lamino- 
ethyl) amide • 2 acetate 

N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) , 3 ( RS ) -diisobuty lsuccinyl ] -4 ' - 
acetimidoyliminomethy 1-L-pheny lalanine N- ( 2-hydroxyethy 1 ) amide • 
2 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( p-amino- 
phenyl )propyl ] succinyl ] -N -acetimidoy 1-L-lysine N-(2-N , ,N t - 
dimethylaminoethyl ) amide • 3 acetate 

N a - [ 4- ( Hydroxyamino ) -2 ( R ) , 3 ( RS ) -diisobuty lsuccinyl ] -4 ' - 
acetimidoyliminomethy 1-L-pheny lalanine N- ( 2-hydroxy-l , 1-dimethy 1- 
ethyl)amide • 1 acetate 

N 4 -[3-Amino-2, 2-dimethyl-l ( RS ) -methylcarbamoy lpropy 1 ]-N - 
hydroxy-2 (R or S ) - [ 3- ( p-aminomethy Ipheny 1 ) propy 1 ] -3 ( R ) -isopropy 1- 
succinamide • 2 acetate 

N 4 -[2-Amino-l(S)-methylcarbamoylpropyl]-N -hydroxy-2(R or S)- 
[3- (p-aminomethy Ipheny 1 )propyl ] -3 ( R ) -isopropy 1 succinamide • 
2 acetate 

N a -[4-(Hydroxyamino)-2(R)-isopropyl-3(R or S )-[ 3- ( p-amino- 
methy Ipheny 1 ) propy 1 ] succinyl ] -O- (2,3,4 , 6-tetra-O-acetyl-0 -D- 
glucopyranosyl )-L-serine N-methy lamide • 1 acetate 

N a _[4_( Hy droxyamino)-2(R)-isopropyl-3(R or S ) - [ 3- ( p-amino- 
methylpheny 1 )propyl ] succinyl ] -O- ( 0 -D-glucopyranosyl ) -L-serine 
N-methylamide • 1 acetate 

N 4 -[ 4- ( 3 , 4 , 4-Trimethyl-2 , 5-dioxo-imidazol idin-l-y 1 ) -1 ( S )- 
methylcarbamoylbutyl]-N 1 -hydroxy-2(R or S ) - [ 3- ( p-aminomethyl- 
phenyl )propyl ] -3 ( R ) -isopropy 1 succinamide * 1 acetate 

N 4 - [ 2-Amino-2-methyl-l ( RS ) -methylcarbamoy lpropy 1 ] -N -hydroxy- 
2(R or s)-[3-(p-guanidomethy Ipheny 1 ) propy 1 ] -3 ( R ) -isopropy 1- 
succinamide * 2 acetate 

N 4 - [ 3-Amino-2 , 2-dimethy 1 -1 ( RS ) -methylcarbamoy lpropy 1 ] -N - 
hydroxy-2 (R or S ) - [ 3- ( p-guanidomethylpheny 1 ) propyl ] -3 ( R ) - 
isopropy lsuccinamide • 2 acetate 

N 4 -[2-Amino-l(S)-methylcarbamoylpropyl]-N -hydroxy-2 (R or S)- 
[ 3- (p-guanidomethy Ipheny 1 ) propyl ] -3 (R) -isopropy lsuccinamide • 
2 acetate 
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N a -[4-(Hydroxyamino)-2(R)-isopropyl-3(R or S ) - [ 3- ( p-guanido- 
methylphenyl )propy 1 ] succinyl ] -O- ( 2 , 3 , 4 , 6-tetra-O-acety 1-0 -D- 
glucopyranosyl ) -L-serine N-methylamide • 1 acetate 

N a -[4-{Hydroxyamino)-2(R)-isopropyl-3(R or S ) - [ 3- ( p-guanido- 
methy Iphenyl ) propyl ] succinyl ] -O- ( 0 -D-glucopyranosy 1 ) -L-serine 
N-methylamide - 1 acetate 

N 4 -[ 4- ( 3 , 4 , 4-Trimethyl-2 , 5-dioxo-imidazolidin-l-yl ) -1 ( S )- 
methylcarbamoylbutyl]-N 1 -hydroxy-2(R or S ) - [ 3- ( p-guanidomethyl- 
phenyl )propyl ] -3 ( R ) -isopropy 1 succinamide ■ 1 acetate 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( p-carbamoyl- 
phenyl)propyl]succinyl]-L-lysine N-methylamide- 1 acetate 

N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isopropy 1-3 ( RS ) - [ 3 - ( p-aminomethy 1- 
phenyl )propyl Jsuccinyl ] -L-ornithine N-methylamide • 2 acetate 

N 4 -[2-Amino-l(S)-methylcarbamoylethyl ]-N -hydroxy-2(R or S)- 
[ 3- ( p-aminomethy Iphenyl ) propyl ] -3 { R ) -isopropy 1 succinamide • 
2 acetate, and the like, 

have superior inhibitory actions on MMPs and/or TNF- CL 
convertases and remarkably improved bioavailability per oral 
administration, in comparison with prior art compounds, 
whereby they are readily applicable to diseases and/or 
disorders associated with the degradation of tissues and 
useful with a lot of promise in view of prophylactic and/or 
therapeutic treatments . 

Among the compounds produced according to the present 
invention, those which have an unprotected or optionally 
protected phosphono moiety as their functional substituent 
are expected to have inhibitory activity on the destruction 
of bones, whereby they are believed to be promising agents for 
the prophylactic and/or therapeutic treatment of osteoporosis 
and other diseases and also expected to be applied for the 
prophylactic and/or therapeutic treatment of diseases and/or 
disorders associated with the degradation of tissues. 

Described below are assays for biological activities 
of the compounds according to the present invention, 
formulations, dosage forms and dosage levels thereof, and 
miscellaneous matters. The efficacy of the compounds 



represented by the formula (I) according to the present 
invention as inhibitors of human fibroblast collagenase 
(metalloproteinase involved in the breakdown of tissues) 
is determined by a procedure based on the method of Y. Murawaki 
et al., Journal of Hepatology, 18, p328-334 (1993). 
The efficacy of the compounds (I) of this invention as 
inhibitors of human fibroblast stromelysin is determined by a 
procedure based on the method of S. S. Twining, Anal. Biochem., 
143, p30 (1984). The assay results obtained are shown 
hereinbelow, together with biological examples which illustrate 
embodiments of the assay protocols. 

When employed as pharmaceutical agents, the compounds 
(I) and salts thereof may be administered in the form of a 
convenient pharmaceutical composition or formulation suitable 
for oral, topical, parenteral application, or the like. Any of 
dosage forms (including those for inhalation and rectal 
administration) may be selected depending on purpose. 
Suitable dosage forms of the pharmaceutical compositions or 
formulations may include powders, granules, tablets, pills, 
capsules, injections, syrups, emulsions, elixirs, suspensions, 
solutions, conditioned gels, etc. The pharmaceutical 
composition or formulation may comprise at least one of said 
compounds (active components) of the present invention or a salt 
thereof alone or in admixture with a pharmaceutical ly 
acceptable carrier, adjuvant, vehicle, excipient, diluent, etc. 

The pharmaceutical compositions can be formulated in 
accordance with conventional techniques. 

The formulations suitable for oral application 
include powders, granules, tablets, pills, capsules, etc. 
as mentioned above. In such dosage forms, the active compound 
may be admixed for example with at least one member selected 
from the group consisting of sucrose, lactose, cellulose sugar, 
mannitol, maltitol , dextran, starches, agar, alginates, 
chitins, chitosans, pectins, gum tragacanth, acacia (gum 
arabic), gelatins, collagens, casein, albumin, synthetic or 
semi-synthetic polymers and glycerides. Such dosage forms 



may also contain any of various pharmaceutical ly acceptable 
additives in addition to the above ingredient as customarily 
conducted. Examples of such additives are inert diluents, 
lubricants such as magnesium stearate, preservatives such as 
parabens and sorbic acid, antioxidizing agents such as 
ascorbic acid, a -tocopherol and cysteine, disintegrating 
agents, binders, thickening agents, buffering agents, 
sweetening agents, flavoring agents, perfuming agents, and 
the like. The tablets and pills can also be prepared further 
by enteric coating. 

Representatives of such formulations are tablets and 
capsules, each of which is in the form of a dose unit suitable 
for a single administration and may be manufactured by ordinary 
techniques wherein customarily acceptable additives as listed 
below are contained. The tablet may be coated by customarily 
known techniques for conventional pharmaceutical practices. 

(1) ordinary vehicles which serve as binders, including 
syrup, acacia, gelatin, sorbitol, gum tragacanth, or 
polyviny lpyr rol idone ; 

(2) fillers, including lactose, sucrose, corn starch, 
calcium phosphate, sorbitol, and glycine; 

(3) tablet lubricants, including for example magnesium 
stearate, talc, polyethylene glycol, and silica; and 

(4) disintegrants such as potato starch or acceptable 
wetting agents such as sodium lauryl sulfate. 

The fluid formulations suitable for oral application 
may contain an inert diluent ordinarily used in the art, 
such as water. Representatives of the oral fluid formulations 
may be prepared in the form of a suspension, solution, 
emulsion, syrup, or elixir, wherein water or oil is contained 
as a component, or provided in the form of a dry product for 
reconstitution into a liquid drug by addition of water or a 
suitable vehicle just prior to use. 

Such fluid formulations may also contain any of 
customary additives, including for example suspending agents 
such as sorbitol, syrup, methylcellulose , glucose syrup, gelatin 



- 7 3 - 



and hydrogenated dietary oils; emulsifiers such as lecithin, 
sorbitan monooleate and acacia; non-aqueous vehicles (including 
dietary oils) such as, for example, almond oil, fractionated 
cocoanut oil, glycerin, and oily esters of propylene glycol and 
ethyl alcohol; preservatives including for example ethyl 
p-hydroxybenzoate, propyl p-hydroxybenzoate , and sorbic acid; 
and, as required, ordinary flavoring agents, and/or coloring 
agents. 

An oral dose suitable for a single administration may 
contain from about 1 mg to 10 g, preferably from about 10 mg to 
1 g of the compound (I). Actual dosage levels of the active 
ingredients in the pharmaceutical compositions of the present 
invention may be varied depending on the disease being treated, 
the severity of the symptom being treated, the general 
condition and prior medical history of a particular patient 
being treated, the route and cycle of administration, etc. 
A suitable daily dose will vary depending on the condition of 
the patient, but general dosage levels of about 0.01 to 500 mg, 
more preferably of about 0.1 to 300 mg of the compound (I) per 
kilogram of body weight per day are suitably administered to 
a mammalian patient, for example an adult person. 

Specific dose levels and administration cycles for 
any particular patient will be employed depending upon a 
variety of factors including the sex, age, body weight, general 
health, diet, time of administration, route of administration, 
rate of excretion, drug combination, the severity of the 
particular disease undergoing therapy, and others. 

The pharmaceutical drugs for topical application 
(including painting) to skin can be prepared in the form of a 
solution or suspension utilizing suitably sterilized water or 
non-aqueous vehicles. The additives used include buffering 
agents such as sodium bisulfite and disodium edetate; 
preservatives including antiseptic, antimicrobial and 
antifungal agents such as acetic acid, phenylmercuric nitrate, 
benzalkonium chloride and chlorhexidine; and thickeners such as 
hypromellose. The selected dosage levels for topical 
administration will vary depending on the size of the diseased 
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site being treated, but a single dose (per eye) for ophthalmic 
administration ranges from 0.01 to lOOmg of the compound (I). 

The active component can be administered parenterally 
using a sterilized medium. As used herein, the term 
"parenteral" administration refers to modes of administration 
which include subcutaneous, intravenous, intramuscular, and 
intraperitoneal injection, instillation, and the like, 
injectable formulations including for example sterile aqueous 
or oily suspensions for injection, etc. may be prepared using 
suitable dispersing agents, moistening agents, suspending 
agents, etc. by known techniques in the art. The sterile 
formulations for injection may also include sterile injectable 
solutions or suspensions, such as aqueous solutions, formed in 
admixture with parenterally-administrable non-toxic diluents or 
solvents. Utilizable vehicles or acceptable solvents include 
water, Ringer's solution, isotonic saline, etc. In addition, 
sterile non-volatile oils may also be used as solvents or 
suspending media. For these formulations, any non-volatile 
oils and fatty acids can be employed. Such vehicles and 
solvents also include natural, synthetic or semi-synthetic 
fatty oils or acids, and natural, synthetic or semi-synthetic 
mono-, di-, or triglycerides. 

The suppositories suitable for rectal administration 
can be prepared by admixing the drug with suitable non- 
irritative excipients. Examples of the excipients are those 
which are solid at room temperature but liquid at rectal 
temperature wherein such substances melt in the rectum to 
deliver a drug, such as cacao butter and polyethylene glycols. 
The compound, depending on the vehicle and concentration used, 
can be either suspended or dissolved in the vehicle. 
Adjuvants such as a local anesthetic, preservative and 
buffering agent can be dissolved in the vehicle. 
For application in the treatment of arthritides such as 
osteoarthritis, and chronic rheumatoid arthritis, the active 
compounds of the present invention can be administered 
orally or injected intra-articular ly to a diseased joint, 
in general, a daily dose for application to a mammal weighing 



70 kg in the treatment ranges from 0.001 mg to 6 g of the 
compound ( I ) . 

The present invention further relates to 
pharmaceutically-acceptable packs (and/or containers or 
packages) and kits comprising one or more containers filled 
with one or more of the ingredients of the aforementioned 
compositions of the invention. Associated with such a single 
or plural containers can be a notice (attached document) in th 
form prescribed by a governmental agency regulating the 
manufacture, use or sale of pharmaceuticals or biological 
products, reflecting approval by the agency of the manufacture 
use or sale of the product for human administration. 



EXAMPLES 



Described below are examples, i.e., preparation 
examples, biological assay examples and formulation examples, 
of the present invention which are provided only for 
illustrative purposes, and not to limit the scope of the 
present invention. All the examples were or can be practiced 
using standard techniques well or conventionally known to those 
of ordinary skill in the art unless otherwise specified. 
In the examples (including the preparation examples, etc.) 
below as well as elsewhere in the specification, the following 
abbreviations are intended to have the meanings set forth below, 

DMF; N , N-dimethy If ormamide 

EDC; l-( 3-dimethylaminopropyl ) -3-ethy Icarbodiimide 

hydrochloride 

HOBT; 1-hydroxybenzotriazole 

TEA; triethylamine 

THF; tetrahydrof uran 

Et; ethyl 

Boc; tert-butyloxycarbonyl 

Bn; benzyl 

Me; methyl 

Cl-Z ; 2-chlorobenzyloxycarbonyl 

Z ; benzyloxycarbonyl 

tBu; tert-butyl 

Tee; 2,2, 2-trichloroethyl 

Na; sodium 



Preparation Example 1 
e 

^arbonyl-N 
N-methylamide (Compound No. 1) 



N a _tert-Butyloxycarbonyl-N e -benzyloxycarbonyl-L-lysine 



To a solution of N a -tert-butyloxycarbonyl-N -benzyloxy- 
carbonyl-L-lysine (10.0 g, 26.3 mmol ) in DMF (50 ml) was added 
aqueous methylamine hydrochloride (2.13 g, 31.5 mmol/ 5 ml), 
HOBT (3.55 g, 26.3 mmol), EDC (6.04 g, 31.5 mmol), and TEA 



(4.39 ml, 31.5 mmol ) sequentially with stirring at -15°C. 
The mixture was stirred for 1 hour at -15°C and for another 
15 hours at room temperature, and evaporated under reduced 
pressure. AcOEt (200 ml) was added to the residue and the 
mixture was partitioned and washed successively with 
saturated aqueous sodium chloride, IN hydrochloric acid, 
saturated aqueous NaHCO^ , and saturated aqueous sodium 
chloride (twice for each). The organic layer was dried over 
anhydrous MgSC> 4 , and evaporated under reduced pressure to 
give the title compound as a white solid (8.20 g, 20.8 mmol, 
yield 80%). 

X H-NMR (CDC1 3 )5 ppm; 1.3-1.9 (15H, s + m, C (CH 3 ) 3 + CH (CH 2 ) 3 ) 
2.73 (3H, d, J=4.7Hz, NH-CH 3 ) , 3.30 (2H, m, -OC ( =Q ) NH-CH 2 ) , 
4.12 (1H, m, NH-CH-CO), 5.08 (2H, s, Q-CH 2 -Ph) , 5.60 (1H, m, 
NH), 6.61 (1H, m, NH), 7.2-7.5 (5H, m, aromatic-H). 

Preparation Example 2 
N a -tert-Butyloxycarbonyl-L-4 • -cyanopheny lalanine 
N- (morpholin-4-yl ) amide (Compound No. 2) 

The procedure of Preparation Example 1 except omitting 
the partition and washing with IN hydrochloric acid was 
repeated using N a -tert-butyloxycarbonyl-L-4 ' -cyanophenyl- 
alanine and 4-aminomorpholine to provide the title compound as 
a white solid (yield 50%), m.p.; 181-185°C, Rf value; 0.25 
( chloroform: methanol = 20:1). 

^H-NMR (CDCl 3 )Sppm; 1.4 (9H, s, C (CH 3 ) 3 ) , 2.6-2.7 (4H, m, 
N-CH 2 x 2), 2.9-3.2 (2H, m, C 6 H^-CH 2 ) , 3.4-4.0 (4H, m, 
0-CH 2 x 2), 4.21 (1H, m, NH-CH-CO) , 5.09 and 5.19 (2H, m, 
NH x 2), 7.3-7.6 (4H, m, aromatic-H). 

Preparation Example 3 
N a -Benzyloxycarbonyl-N e -tert-butyloxycarbonyl-L-lysine N-( 2 
N' , N 1 -dimethy laminoethyl ) amide (Compound No. 3) 

The procedure of Preparation Example 2 was repeated using 
N a -benzy loxycar bony l-N e -tert-butyloxycar bony 1-L- lysine and 



N,N-dimethylethylenediamine to provide the title compound 
as a white solid (yield 50%), m.p. ; 61°C, Rf value; 0.26 
(chloroform: methanol- 10:1). 

X H-NMR <CDC1 3 )<5 ppm; 1.3-1.9 (15H, s + m, C (CH 3 ) 3 + CH (CH 2 ) 3 ) , 
2.21 (6H, s x 2, N-CH 3 x 2), 2.40 (2H, m, CH 2 -N ( CH 3 ) a ) , 3.09 
(2H, m, NH-CH2-CH2-N), 3.32 (2H, m, -OC( =Q)NH-CH a - ) , 4.13 (1H, 
m, NH-CH-CO), 4.66 <1H, m, NH), 5.10 <2H, s, O-CH^-Ph ) , 5.60 
(1H, m, NH), 6.61 <1H, m, NH), 7.3-7.4 (5H, m, aromatic-H). 

Preparation Example 4 
N a -Benzyloxycar bony l-N e -tert-butyloxycar bony 1-L- lysine 
N-(piperidin-l-yl )amide (Compound No. 4) 

The procedure of Preparation Example 2 was repeated using 

a e 
N -benzyloxycarbonyl-N -tert-butyloxycarbony 1-L-lysine and 

1-aminopiperidine to provide the title compound as a white 

solid (yield 83%), m.p.; 128-131°C, Rf value; 0.17 

( chloroform : methanol = 20:1). 

X H-NMR (CDC1 3 )S ppm; 1.2-1.8 (21H, s + m, C (CH 3 ) 3 + CH (CH 2 ) 3 

+ - (CH 3 ) 3 - of piperidine), 2.7-3.1 (6H, m, N-CH 2 + N-CH 2 x 2), 

3.98 (1H, m, NH-CH-CO) , 4.62 and 4.86 (2H, m, NH x 2), 5.10 

(2H, s, O-CH^-Ph), 6.27 (1H, m, NH ) , 7.3-7.4 (5H, m, aromatic-H). 

Preparation Example 5 
N a -tert-Butyloxycarbonyl-L-4 1 -cyanopheny lalanine N-methyl- 
amide (Compound No. 5) 

The procedure of Preparation Example 1 was repeated using 
N a -tert-butyloxycarbonyl-L-4 • -cyanopheny lalanine and methylamine 
hydrochloride to provide the title compound as a white 
solid (yield 84%), m.p.; 165-167°C, Rf value; 0.55 (chloroform: 
methanol= 10:1). 

X H-NMR (CDC1 3 )<5 ppm; 1.38 (9H, s, C (CH 3 ) 3 ) , 2.75 (3H, d, 
J=4.8Hz, NH- CH 3 ) , 3.02 and 3.18 ( 1H each, m, C 6 H 4 - CH 2 ) , 4.34 
(1H, m, NH-CH-CO), 5.08 (1H, m, NH ) , 6.08 (1H, m, NH ) , 7.2-7.6 
(4H, m, aromatic-H). 



Preparation Example 6 
N a -Benzyloxycarbonyl-N e -tert-butyloxycarbonyl-L-lysine N-(2- 

hydroxy-l(RS)-methylethyl ) amide (Compound No. 6) 

The procedure of Preparation Example 1 was repeated using 
N a -benzyloxycarbonyl-N e -tert-butyloxycarbonyl-L- lysine and DL-2- 
amino-l-propanol to provide the title compound as a white 
solid (yield 87%), m.p.; 115-116°C, Rf value; 0.096 
(chloroform: methanol = 20:1). 

X H-NMR (CDC1 3 )S ppm; 1.14 (3H, d, J=6.6Hz, CH-CH 3 ) , 1.30-1.90 
(15H, s + m, C (CH 3 ) 3 + CH (CH 2 ) 3 ), 3.08 (2H, m, NH-CH*) , 3.25 
(1H, m, CH-CH 3 ), 3.47 and 3.64 ( 1H each, m, CH 2 -OH) , 4.11 (1H, 
m, NH-CH-CO), 4.73 (1H, m, OH), 5.08 (2H, s, Q-CH 2 -Ph), 5.78 
(1H, m, NH), 6.42 and 6.56 (2H, m, NH x 2), 7.35 (5H, m, 
aromatic-H ) . 

Preparation Example 7 
N a -tert-Butyloxycarbonyl-N d -benzyloxycarbonyl-L-ornithine 

N-methylamide (Compound No. 7) 

The procedure of Preparation Example 1 was repeated using 
N a -tert-butyloxycarbonyl-N d -benzyloxycarbonyl-L-ornithine and 
methylamine hydrochloride to provide the title compound as a 
white solid (yield 92%), m.p.; 141-143°C, Rf value; 0.22 
(chloroform:methanol= 20:1). 

X H-NMR (CDC1 3 )S ppm; 1.41 (9H, s, C (CH 3 ) 3 ) , 1.57 (2H, m, 
CH 2 -CH 2 -CH Z ), 1.77 (2H, m, CH-CH 2 -), 2.75 (3H, d, J = 4.7 Hz, 
NH-CH 3 ), 3.17 and 3.35 ( 1H each , m, NH-CH 2 ) , 4.18 (1H, m, 
NH-CH-CO), 4.9-5.3 (4H, m, Q-CH 2 -Ph + NH x 2 ) , 6.42 ( 1H , m, 
NH), 7.2-7.5 (5H, m, aromatic-H). 

Preparation Example 8 
N a _tert-Butyloxycarbonyl-N d -benzyloxycarbonyl-L-ornithine 

N-cyclopropylamide (Compound No. 8) 

The procedure of Preparation Example 1 was repeated using 
N a -tert-buty loxycar bony l-N d -benzy loxycarbonyl-L-orni thine 



and cyclopropylamine to provide the title compound as a 
white solid (yield 95%), m.p.; 146-147°C, Rf value; 0.27 
( chloroform: methanol = 20:1). 

^-H-NMR (CDC1 3 )5 ppm; 0.48 (2H, m, CHa of cyclopropyl ) , 0.74 
(2H, m, CH, of cyclopropyl), 1.43 (9H, s, C (CH 3 ) 3 ), 1.56 (4H, 
m, CH- (CH 2 ) 2 -) , 2.69 (1H, m, CH of cyclopropyl), 3.16 and 3.37 
(1H each, m, NH-CH 2 ), 4.14 (1H, m, NH-CH-CO) , 5.09 (2H, m, 
0-CH 2 -Ph), 5.02 and 5.22 ( 1H each, m, NH x 2), 6.60 (1H, m, NH), 
7.2-7.5 (5H, m, aromatic-H). 

Preparation Example 9 
N a _tert-Butyloxycarbonyl-N 9 ,N 9 -dibenzyloxycarbonyl- 
L-arginine N-methylamide (Compound No. 9) 

The procedure of Preparation Example 1 was repeated using 
N a _tert-butyloxycarbonyl-N g ,N 9 -dibenzyloxycarbonyl-L-arginine 
and methylamine to provide the title compound as a white solid 
(yield 96%), m.p.; 154-156°C, Rf value; 0.35 (chloroform: 
methanol = 20:1). 

1 H-NMR (CDC1 3 )5 ppm; 1.44 (9H, s, C (CH 3 ) 3 ) , 1.71 (4H, m, 
CH-(CH 2 ) 2 -), 2.44 (3H, d, J=4.8Hz, NH-CH 3 ) , 3.80 and 4.10 (2H, 
m, NH-CH_2 ) , 4.20 (1H, m, NH-CH-CO), 5.1-5.3 (4H, m, 
O-CHa-Ph x 2), 5.72 (1H, m, NH), 6.55 (1H, m, NH), 7.3-7.5 
(10H, m, aromatic-H), 9.33 and 9.43 (2H, m, NH x 2 ) . 

Pre paration Example 10 

~ 1 2 

2(S)-tert-Butyloxycarbonylamino-4-N ,N -dibenzyloxycarbonyl- 

guanidinobutanoic acid N-methylamide (Compound No. 10) 

To a solution of 4-amino-2 ( S ) -tert-buty loxycarbonylamino- 
butanoic acid N-methylamide (15.2 g, 65.7 mmol ) in DMF (300 ml) 
was added TEA (9.16 ml, 65.7 mmol) and lH-pyrazole-N , N ' - 
bis(benzyloxycarbonyl)carboxamidine (29.8 g, 78.8 mmol), and 
the mixture was stirred for 15 hours at room temperature. 
AcOEt (1000 ml) was added to the reaction mixture which was 
then partitioned and washed successively with saturated aqueous 
sodium chloride, IN hydrochloric acid, saturated aqueous 



NaHC0 3 , and saturated aqueous sodium chloride (twice for each). 
The organic layer was dried over anhydrous MgSC> 4 , and evaporated 
under reduced pressure. The resultant reaction mixture was 
purified by column chromatography (silica gel; 800 g, eluted 
with a mixture of benzene : AcOEt= 5:1 to 3:2) to give the title 
compound as a white solid (17.2 g, 48%), m.p.; 128°C, Rf value; 
0.68 (chloroform:methanol= 10:1). 

X H-NMR (CDCl 3 )S ppm; 1.40 (9H, s, C (CH 3 ) 3 ) , 1.8-2.0 (2H, m, 
CH- (CH 2 ) -) , 2.60 (3H, d, J = 4.8 Hz, NH-CH 3 ) , 3.17 and 3.82 
(1H each, m, NH-CH 2 ) , 4.13 (1H, m, NH-CH-CO), 5.09 and 5.19 
(2H each, m, Q-CH 2 -Ph x 2), 5.64 (1H, m, NH), 6.55 (1H, m, NH ) , 
7.2-7.4 (11H, m, NH + aromatic-H), 8.24 and 8.60 (2H, m, NH x 2 ) . 

Preparation Example 11 
N a -Benzyloxycarbonyl-L-4 ' - [ tetraethyl bis ( phosphonyl )methyl- 
iminolphenylalanine N-methylamide (Compound No. 11) 

A mixture of N a -benzyloxycarbonyl-L-4 ' -aminophenylalanine 
N-methylamide (3.00 g, 9.16 mmol), ethyl orthoformate (1.83 ml, 
11.0 mmol) and diethyl phosphite (4.72 ml, 36.6 mmol) was 
stirred for 2 hours at 140 to 160°C. The unreacted diethyl 
phosphite and EtOH which produced during the reaction were 
removed by evaporation under reduced pressure and the reaction 
mixture was purified by column chromatography (silica gel; 
500 g, eluted with a mixture of CH^l^MeOH = 40 : 1 to 20 : 1 ) to 
give the title compound as a pale yellow solid (3.97 g, 71% ), 
m.p.; 126-128°C, Rf value; 0.44 (chloroform:methanol= 10:1). 

X H-NMR (CDC1 3 )<5 ppm; 1.0-1.4 (12H, m, CH 2 -CH 3 x 4), 2.70 (3H, 
d, J=4.8Hz, NH-CH 3 ) , 2.92 (2H, brd, J=6.8Hz, C 6 H 4 -CH 2 ) , 3.8-4.5 
(10H, m, CH 2 -CH 3 x 4 + NH-CH-CO + P-CH-P ) , 5.07 (2H, s, 
0-CH 2 -Ph), 5.40 (1H, m, NH ) , 5.90 (1H, m, NH ) , 6.5-7.2 (4H, m, 
C 6 H 4 ), 7.2-7.6 (10H, m, aromatic-H + NH). 



Preparation Example 12 
N a -Benzyloxycarbonyl-L-4 • -[ tetramethyl bis( phosphonyl Jmethyl- 
imino] phenylalanine N-methylamide (Compound No. 12) 

The procedure of Preparation Example 11 was repeated using 
N a -benzyloxycarbonyl-L-4 1 -aminophenylalanine N-methylamide 
(115 g, 350 mmol), ethyl orthoformate (78 g, 530 mmol ) and 
dimethyl phosphite (154 g, 1.40 mol ) to provide the title 
compound as a pale yellow solid (157 g, 80% ), m.p.; 150-153°C / 
Rf value; 0.41 ( chloroform :methanol= 10:1). 

^H-NMR (CD 3 0D)<5 ppm;2.67 (3H, s, NH-CH 3 ) , 2.73 and 2.98 ( 1H 
each, m, C 6 H 4 -CH 2 ), 3.73-3.78 (12H, m, Q-CH 3 x 4), 4.25 (1H, m, 
NH-CH-CO), 4.6-4.7 (1H, m, P-CH-P ) , 5.02 (2H, s, Q-CH 2 -Ph) , 
6.7-7.1 (4H, m, C 6 H 4 ) , 7.2-7.3 (5H, m, aromatic-H). 

Preparation Example 13 
_ e 
N -tert-Butyloxycarbonyl-N -2-chlorobenzy loxycarbony 1- 

L-lysine N-methylamide (Compound No. 13) 

The procedure of Preparation Example 1 was repeated using 
N a -tert-butyloxycar bony l-N e -2-chlorobenzyloxycar bony 1-L- lysine 
and methylamine hydrochloride to provide the title compound as 
a white solid (yield 94%), m.p.; 109-110°C, Rf value; 0.48 
( chloroform : methanol = 10:1). 

X H-NMR (CDC1 3 )<5 ppm; 1.3-1.9 (15H, s + m, C (CH 3 ) 3 + CH- (CH 2 ) 3 - 
2.80 (3H f d, J=4.8Hz, NH-CH 3 ) , 3.20 (2H, m, NH-CH^ ) , 4.04 (1H, 
m, NH-CH-CO), 4.95 and 5.14 ( 1H each, m, NH x 2), 5.21 (2H, s, 
0-CHa-C 6 H 4 ), 6.21 (1H, m, NH ) , 7.2-7.5 (4H, m, aromatic-H). 

Preparation Example 14 
N a -tert-Buty loxycarbonyl-L-4 ' -cyanophenylalanine N- ( 2- 
benzyloxyethyl ) amide (Compound No. 14) 

The procedure of Preparation Example 1 was repeated using 
N a -tert-buty loxycarbonyl-L-4 ' -cyanophenylalanine and O-benzyl- 
aminoethanol to provide the title compound as a white solid 
(yield 90%), m.p.; 99-102°C, Rf value; 0.55 (chloroform: 
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methanol= 20:1). 

X H-NMR (CDCl 3 )<5 ppm; 1.39 (9H, s, C (CH 3 ) 3 ) , 3.03 and 3.16 ( IH 
each, m, C 6 H 4 -CHa ) , 3.4-3.5 (4H, m, NH- CH 2 -CH 2 -Q ) , 4.33 <1H, m, 
NH-CH-CO), 4.46 (2H, S, Q-CH 2 -Ph) , 5.01 (IH, m, NH), 6.22 (IH, 
m, NH), 7.2-7.6 (9H, m, aromatic-H). 



Preparation Example 15 
:arbonyl-N e -2-chloroben 
L-lysine N- ( 2-benzy loxyethyl ) amide (Compound No. 15) 



N a _tert-Butyloxycarbonyl-N e -2-chlorobenzyloxycarbonyl- 



The procedure of Preparation Example 1 was repeated using 
N a -tert-butyloxycarbonyl-N e -2-chlorobenzyloxycarbonyl-L-lysine 

and o-benzylaminoethanol to provide the title compound as a 
white solid (yield 99%), m.p.; 69-71°C, Rf value; 0.60 
(chloroform: methanol = 10:1). 

^-H-NMR (CDCl 3 )<5 ppm; 1.2-1.9 (15H, s + m, C (CH 3 ) 3 + CH- (CH 3 ) 3 -) , 
3.18 (2H, m, NH-CH 2 ), 3.4-3.6 (4H, m, NH- CH 2 -CH 2 -Q ) , 4.04 (IH, 
m, NH-CH-CO), 4.51 (2H, s, Q-CH 2 -Ph) , 4.93 and 5.12 ( IH each, m, 
NH x 2), 5.21 (2H, s, C ( =Q )Q-CH 2 -C 6 H 4 ) , 6.44 (IH, m, NH ) , 
7.2-7.5 (9H, m, aromatic-H). 

Pre paration Example 16 
3(RS)-tert-Butyloxycarbonyl-6-phenyl-2(R)-isobutylhexanoic 

acid (Compound No. 16) 

a) Benzyl 2 (R ) -bromo-4-methylpentanoate (Compound No. 16-a) 
To a solution of 2 (,R ) -bromo-4-methy lpentanoic acid (28.5 g, 
146 mmol), benzyl alcohol (18.1 ml, 175 mmol ) , and 4-dimethyl- 
aminopyridine (1.90 g, 14.6 mmol) in dichloromethane (140 ml) 
was added EDC (35.6 g, 175 mmol) with stirring while ice 
cooling. The mixture was stirred for 1 hour while ice 
cooling, and further overnight at room temperature. 
The resultant mixture was partitioned and washed successively 
with water, saturated aqueous sodium bicarbonate, and saturated 
aqueous sodium chloride (twice for each). The organic layer 
was dried over anhydrous magnesium sulfate, evaporated under 
reduced pressure, and purified by column chromatography (silica 
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gel; 700 g, eluted with a mixture of n-hexane : AcOEt = 40:1) to 
give the title compound as a colorless oil (32.0 g, 77%), 
specific rotation [a ] = +31.8° (c=1.0, MeOH), Rf value; 
0.48 (AcOEt:n-hexane= 1:5). 

X H-NMR (CDC1 3 )<5 ppm; 0.9 (6H, 2 x d, J- 6.5Hz, CH (CH 3 ) 2 ) , 
1.67 (1H, m, (CH 3 ) 2 CH), 1.90 (2H, m, ( CH 3 ) 2 CH-CH 2 ) , 4.30 (1H, 
t, J= 7Hz, -CH-Br), 5.2 (2H, s, CH 2 -Ph), 7.32 (5H, s, 
aromatic-H ) . 

b ) Dibenzy 1 3 ( RS ) -tert-buty loxycar bony 1-2 ( R ) -isobuty 1- 
succinate (Compound No. 16-b) 

To a solution of benzyl tert-buty Imalonate (24.9 g, 
99.6 mmol) in DMF (60 ml) was added potassium tert-butoxide 
(13.4 g, 120 mmol) portionwise with stirring at 0°C. The 
mixture was stirred for 1 hour at room temperature and 
re-cooled to 0°C. A solution of Compound No. 16-a (28.4 g, 
99.6 mmol) in DMF (60 ml) was added dropwise to the cooled 
mixture over a period of 1 hour. After stirring for 15 hours 
at 5°C, AcOEt (2 L) was added to the reaction mixture which was 
then partitioned and washed successively with saturated aqueous 
sodium chloride, IN hydrochloric acid, saturated aqueous sodium 
bicarbonate, and saturated aqueous sodium chloride (twice for 
each). The organic layer was dried over anhydrous magnesium 
sulfate, evaporated under reduced pressure, and purified by 
column chromatography (silica gel; 7 50 g, eluted with a mixture 
of n-hexane: AcOEt= 20:1) to give the title compound as a 
colorless oil (40.0 g, 89%), specific rotation [a +16.7° 
(c=1.0, MeOH), Rf value; 0.56 ( AcOEt :n-hexane= 1 : 5 ) . 

X H-NMR (CDC1 3 )5 ppm; 0.82 (6H, 2 x d, J- 10Hz, CH (CH 3 ) 2 ), 
1.15-1.8 (12H, 2 x s + m, ( CH 3 ) 2 CH-CH 2 , + C (CH 3 ) 3 ) , 3.2 (1H, m, 
CH 2 -CH-CO), 3.7 (1H, m, CO-CH-CO), 5.1 (4H, m, CH 2 -Ph x 2), 
7.32 (10H, s, aromatic-H). 

c ) Dibenzy 1 3 ( RS ) -tert-buty loxycar bony 1-3 -cinnamy 1-2 ( R ) - 
isobutylsuccinate (Compound No. 16-c) 

To a solution of Compound No. 16-b (9.49 g, 20.9 mmol) in 
DMF (100 ml) was added 60% sodium hydride (1.0 g, 25.1 mmol) 
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portionwise with stirring at room temperature. The mixture 
was stirred for 2 hours at room temperature and cooled to 0°C. 
Cinnamyl bromide (5.35 g, 27.2 mmol) was added portionwise to 
the cooled mixture which was then stirred for 15 hours at 5°C. 
The solvent was evaporated under reduced pressure, and AcOEt 
(500 ml) was added to the residue. The mixture was partitioned 
and washed successively with saturated aqueous sodium chloride, 
IN hydrochloric acid, saturated aqueous sodium bicarbonate, and 
saturated aqueous sodium chloride (twice for each). The 
organic layer was dried over anhydrous magnesium sulfate, 
evaporated under reduced pressure, and purified by column 
chromatography (silica gel; 700 g, eluted with a mixture of 
n-hexane: AcOEt = 20:1) to give the title compound as a 
colorless oil (10.9 g, 91%), Rf value; 0.34 ( AcOEt :n-hexane 
= 1:9). 

^-H-NMR (CDCl 3 )<5 ppm; 0.7-1.0 (6H, m, CH (CH 3 ) 2 ), 1.1-2.1 (12H, 
m, (CH 3 ) 2 CH-CH 2 , - C (CH 3 ) 3 ), 2.8 (2H, bd , J= 5.4Hz, CH.-CH=CH), 
3.0-3.3 (1H, m, CH 2 -CH-CO) , 5.0-5.2 (4H, m, CH^-O x 2), 6.1-6.4 
(2H, m, CH 2 -CH=CH), 7.1-7.5 (15H, m, aromatic-H). 

d ) 3 ( RS ) -tert-Buty loxycarbony l-6-phenyl-2 ( R ) -isobuty lhexanoic 

acid (Compound No. 16) 

To a solution of Compound No. 16-c (4.2 g, 7.36 mmol) in 
ethanol (35 ml) was added 10% palladium on carbon (50% wet 
catalyst, 1.3 g), and the mixture was vigorously stirred under 
hydrogen atmosphere for 7 hours at room temperature. 
The catalyst was filtered off and then ethanol was evaporated 
under reduced pressure. To the residue was added N-methyl- 
morpholine (0.81 ml, 7.36 mmol) and toluene (50 ml) and the 
mixture was refluxed for 2 hours. The reaction mixture was 
partitioned and washed successively with IN hydrochloric acid, 
and saturated aqueous sodium chloride (twice for each), dried 
over anhydrous magnesium sulfate, evaporated under reduced 
pressure, and purified by column chromatography (silica gel; 
150 g, eluted with a mixture of chloroform: methanol = 200:1) to 
give the title compound as a colorless oil (1.1 g, 43%), Rf 
value; 0.60 ( chlorof orm:methanol : acetic acid= 95 : 5 : 3 ) . 



^H-NMR (CDCl 3 )S ppm; 0.88 (6H, bd, J= 5.7Hz, CH (CH 3 ) 2 ) , 
1.0-2.0 (16H, m, (CH 3 ) 2 CH-CH 2 / + C (CH 3 ) 3 + CH 2 ~CH 2 -CH 2 -Ph ) , 
2.4-2.8 (4H, m, CH-CO x 2 + CH 2 -Ph) , 7.0-7.4 (5H, m, aromatic-H). 



Preparation Example 17 
3(RS )-tert-Butyloxycarbonyl-5-methyl-2 (R)-isobutylhexanoic 

acid (Compound No. 17) 

The procedures of Preparation Examples 16-c and d were 
repeated using Compound No. 16-b and methallyl iodide to 
provide the title compound as a pale yellow oil (overall yield 
52%), Rf value; 0.23 ( AcOEt : n-hexane= 1:4). 

X H-NMR (CDC1 3 )S ppm; 0.90 (12H, m, CH (CH 3 ) 2 x 2) f 1.0-1.3 
(2H, m, CH(CH 3 ) 2 x 2), 1.4-1.8 (13H,S + m, CH 2 -CH(CH 3 ) 2 x 2 + 
C (CH 3 ) 3 ) , 2.5-2.7 (2H, m, CH-CO x 2). 

Preparation Example 18 
2(R)-[l(RS)-( tert-Buty loxycarbony 1 ) ethyl ] -4-methy lpentanoic 
acid (Compound No. 18) 

The procedures of Preparation Examples 16-c and d were 
repeated using Compound No. 16-b and methyl iodide to provide 
the title compound as a pale yellow oil (overall yield 79%), Rf 
value; 0.28 ( chloroform :methanol = 20:1). 

X H-NMR (CDC1 3 )S ppm; 0.91 (6H, m, CH (CH 3 ) 2 ) , 1.1-1.3 <4H, m, 
CH(CH 3 ) 2 + CO-CH- CH 3 ) , 1.4-1.8 (11H,S + m, CH 2 -CH(CH 3 ) 2 + 
C (CH 3 ) 3 ) , 2.59 and 2.73 (2H, m, CH-CO x 2). 

Preparation Example 19 
3 ( R ) -Carboxy-5-methyl-2 ( RS ) - ( 3-phenylpropy 1 )hexanoic acid- 
N-benzyloxy-N-benzy loxycarbony lamide (Compound No. 19) 

a ) 5-Methy 1-2 ( RS ) - ( 3-phenylpropy 1 ) -3 ( R ) -2 , 2 , 2-trichloro- 
ethyloxycarbonyl-hexanoic acid-N-benzyloxy-N-benzyloxycarbonyl- 
amide (Compound No. 19 -a) 

5-Methy 1-2 ( RS ) - ( 3-phenylpropyl ) -3 ( R ) -2 , 2 , 2-trichloro- 
ethyloxycarbonyl-hexanoic acid (1.00 g, 2.27 mmol ) was 



dissolved in CH 2 Cl 2 (20 ml), and cooled to 0°C under nitrogen 
atmosphere. To the cooled solution was added DMF (5 drops), 
and oxalyl chloride (217 n 1, 2.49 mmol ) with a syringe and the 
mixture was stirred for 20 minutes at 0°C. The resultant 
solution was added to a solution of o-benzyl-N-benzyloxy- 
carbonylhydroxylamine (640 mg, 2.49 mmol) and TEA (1.04 ml, 
7.47 mmol) in CH 2 Cl 2 (20 ml) dropwise under nitrogen 
atmosphere maintaining the temperature at 0°C. After stirring 
for 15 hours at room temperature, the reaction solution was 
partitioned and washed successively with IN hydrochloric acid, 
saturated aqueous sodium bicarbonate, and saturated aqueous 
sodium chloride (twice for each), and dried over anhydrous 
magnesium sulfate. The solvent was removed by evaporation 
under reduced pressure, and the residue was purified by column 
chromatography (silica gel; 40 g, eluted with a mixture of 
n-hexane:AcOEt= 10:1) to give the title compound as a 
colorless oil (1.1 g, 43%). 

^H-NMR (CDC1 3 )<5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ) , 1.1-1.3 (1H, 
m, CH(CH 3 ) 2 ), 1.4-1.9 (6H, m, CHa-CH(CH 3 ) 2 + CH 2 -CH 2 -CH 2 -Ph ) , 
2.53 (2H, m, CH 2 -CH 2 -Ph) , 2.84 (1H, m, CH-CO), 3.83 (1H, m, 
CH-CO), 4.66 (2H, S, CH^-CC1 3 ), 4.88 (2H, S, O-CH^-Ph), 5.26 
72H, s, C(=0)0-CH 2 -Ph) , 7.0-7.4 (15H, m, aromatic-H). 

b) 3(R)-Carboxy-5-methyl-2(RS)-(3-phenylpropyl)hexanoic acid-N- 
benzyloxy-N-benzyloxycarbonylamide (Compound No. 19) 

To a solution of Compound No. 19-a (800 mg, 1.21 mmol) in 
acetic acid (30 ml) was added Zn powders (2.80 g, 36.0mmol), 
and the mixture was stirred for 2.5 hours at room temperature. 
Zn powders were filtered off and then acetic acid was evaporated, 
followed by addition of AcOEt. The AcOEt solution was 
partitioned and washed successively with saturated aqueous 
sodium chloride, IN hydrochloric acid, and saturated aqueous 
sodium chloride (twice for each), dried over anhydrous magnesium 
sulfate, evaporated under reduced pressure, and purified by 
column chromatography (silica gel; 50 g, eluted with a mixture 
of n-hexane:AcOEt= 5:1) to give the title compound as a 
colorless oil (430 mg , 68%), Rf value; 0.37 (AcOEt :n-hexane 
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= 1 :2). 

^H-NMR (CDC1 3 )5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ) , 1.1-1.3 (1H, 
m, CH(CH 3 ) 2 ), 1.4-1.9 (6H, m, CH a -CH(CH 3 ) 2 + CH 2 -CH 2 -CH 2 -Ph ) , 
2.55 (2H, m, CH 2 -CH 2 -Ph), 2.92 (1H # m, CH-CO), 3.91 (1H, m, 
CH-CO), 4.87 (2H, s, Q-CH 2 -Ph) , 5.26 (2H, s, C ( =Q )Q-CH 2 -Ph ) , 
7.0-7.4 (15H, m, aromatic-H) . 

Preparation Example 20 

I 2 

3 ( RS ) -tert-Butoxycarbony 1-6- [ 4 1 - ( N ,N -dibenzy loxycarbony 1- 
guanido)phenyl]-2(R)-isobutylhexanoic acid (Compound No. 20) 

a ) Dibenzy 1 3 ( RS ) -tert-butoxycarbonyl-3- ( 4 1 -nitro-cinnamy 1 ) - 
2 ( R ) -isobuty lsuccinate (Compound No. 20-a) 

The procedure of Preparation Example 16-c was repeated 
using Compound No. 16-b and 4-nitro-cinnamy 1 bromide to provide 
the title compound as a yellow oil (yield 71%). 

X H-NMR (CDC1 3 )S ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ) , 1.1-1.5 (12H, 
s + m, (CH 3 ) 2 CH-CH 2 + C (CH 3 ) 3 ), 2.90 (2H, m # CH 2 -CH=CH), 3.21 
(1H, m, CH-CO), 5.03 and 5.14 ( 2H each, s x 2, Q-CH 2 -Ph x 2), 
6.3-6.5 (2H, m, CH 2 -CH=CH) , 7.2-7.4 (12H, m, aromatic-H), 8.1 
(2H, m, aromatic-H). 

b j 3 ( rs ) -tert-Butoxycarbony 1-3- [ 3- ( 4 1 -aminophenyl ) propyl ] - 
2(R)-isobutylsuccinic acid (Compound No. 20-b) 

To a solution of Compound No. 20-a (4.50 g, 7.31 mmol ) in 
ethanol (100 ml) was added 5% palladium on carbon (50% wet 
catalyst, 2.5 g), and the mixture was vigorously stirred under 
hydrogen atmosphere for 2 hours at room temperature. 
The catalyst was filtered off and then ethanol was evaporated 
under reduced pressure to yield the title compound as a 
colorless oil (quantitative yield). 

^H-NMR (CD 3 OD)S ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ), 1.1-2.0 (16H, 
m, (CH 3 ) 2 CH-CH 2 + C (CH 3 ) 3 + CH 2 -CH 2 -CH 2 -C 6 H 4 ) , 2.49 <2H, m, 
CH 2 -C 6 H 4 ), 2.7-3.5 (1H, m, CH-CO), 6.7-7.1 (4H, m, aromatic-H). 



c) 3(RS)-tert-Butoxycarbonyl-6-[4 , -(N ,N -dibenzy loxycarbonyl 
guanido) phenyl ] -2 ( R ) -isobuty lhexanoic acid (Compound No. 20) 
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To a solution of Compound No. 20-b (2.98 g, 7.31 mmol) in 
DMF (30 ml) was added TEA (3.10 ml, 21.9 mmol) and lH-pyrazole- 
N,N'-bis(benzyloxycarbonyl ) carboxamidine (3.32 g, 8.77 mmol) 
and the mixture was stirred for 15 hours at 40°C. The reaction 
mixture was concentrated under reduced pressure, then dissolved 
in AcOEt (100 ml), partitioned and washed successively with IN 
hydrochloric acid, and saturated aqueous sodium chloride (twice 
for each), dried over anhydrous magnesium sulfate, evaporated 
under reduced pressure, and purified by column chromatography 
(silica gel; 400 g, eluted with a mixture of CHCl^MeOH = 200:1) 
to give the title compound as a colorless oil (1.03 g, 21%). 

1 H-NMR (CDCl 3 )<5 PPm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ), 1.0-1.8 (16H, 
m, (CH 3 ) 2 CH-CH 2 + C (CH 3 ) 3 + CH 2 -CH 3 -CH a -C,H« ) , 2.4-2.7 (4H, m, 
CH 2 -C 6 H 4 + CH-CO x 2), 5.1-5.3 (4H, m, Q-CH 2 -Ph x 2), 7.10 (2H, 
m, NH x 2), 7.2-7.5 (14H, m, aromatic-H) . 

Pr eparation Example 21 
Methyl 3(R)-carboxy-2(S)-hydroxy-5-methylhexanoate (Compound 

No. 21) 

Anhydrous trif luoroacetic acid ( 4 ml ) was added to 
3(R)-carboxy-2(S)-hydroxy-5-methylhexanoic acid (440 mg , 2.31 
mmol) and the mixture was stirred for 4 hours at 0°C. 
The solvent was evaporated and methanol (4 ml) was added to 
the residue. The mixture was stirred for 2 hours at 0°C. 
After methanol was evaporated, the residue was purified by 
column chromatography (silica gel; 35 g, eluted with a mixture 
of chloroform: methanol = 20:1) to give the title compound as a 
colorless oil (344 mg, 73%). 

^•H-NMR (CDC1 3 )<5 ppm; 0.94 (6H, d, J = 5.0Hz, CH (CH 3 ) 2 ) , 1.3-2.0 
(16H, m, (CH 3 ) 2 CH-CH 2 ), 2.8-3.2 (1H, m, CH-C0 2 H), 3.82 (3H, s, 
OCH 3 ), 4.29 (1H, d, J=3.5Hz, HO-CH ) , 6.6 (2H, brm, OH + CQ 2 H). 
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Prep aration Example 22 

' e 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(RS)-methylsuccinyl]-N - 

acetimidoyl-L-lysine N-methy lamide • 1 acetate (Compound No. 22) 

a) N e -Benzyloxycarbonyl-L-lysine N-methy lamide • 
1 hydrochloride (Compound No. 22-a) 

Compound No. 1 (8.20 g, 20.8 mmol ) was dissolved in 4N HCl 
( AcOEt solution, 100 ml) under ice-cooling and the mixture was 
stirred for 45 minutes at the same temperature, and 
concentrated under reduced pressure. E^O (100 ml) was added 
to the residue to yield precipitated crystals which were 
collected by filtration and dried under reduced pressure, 
giving the title compound as white crystals (quantitative 
yield ) . 

X H-NMR (CD 3 OD)<5 ppm; 1.3-1.8 (6H, m, CH (CH 2 ) 3 ) , 2.70 (3H, s, 
NH-CH 3 ), 3.27 (2H, m, -QC ( =Q ) NH-CH 2 ) , 4.25 (1H, m, NH-CH-CO), 
5.05 (2H, s, Q-CH 2 -Ph) , 7.2-7.5 (5H, m, aromatic-H). 

e 

b) N a -[4-tert-Butoxy-2(R)-isobutyl-3(RS)-methylsuccinyl]-N - 
benzyloxycarbonyl-L-lysine N-methy lamide (Compound No. 22-b) 

To a solution of Compound No. 22-a (6.86 g, 20.8 mmol) in 
DMF (26 ml)-CH 2 Cl 2 (60 ml) was added Compound No. 18 (4.60 g, 
18.8 mmol), HOBT (3.40 g, 24.9 mmol), EDC (4.77 g, 24.9 mmol) 
and TEA (2.89 ml, 20.8 mmol) successively with stirring at 
-15°C, and the mixture was stirred for 1 hour at -15°C and 
for another 15 hours at room temperature. The solvent was 
evaporated under reduced pressure, and AcOEt (200 ml) was 
added to the residue. The mixture was partitioned and washed 
successively with saturated aqueous sodium chloride, 
IN hydrochloric acid, saturated aqueous NaHCCy and saturated 
aqueous sodium chloride (twice for each). The organic layer 
was dried over anhydrous MgSC> 4 , and evaporated under reduced 
pressure. The resulting reaction mixture was purified by 
column chromatography (silica gel; 200 g, eluted with a mixture 
of chloroform:methanol= 40:1) to give the title compound as a 
white solid (6.87 g, 70%), Rf value; 0.55 (chloroform:methanol 
= 10:1). 
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X H-NMR ( CDC1 3 ) S ppm ; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.2 (4H, 
m, CO-CH-CH3 + CH(CH 3 ) 2 ), 1.3-1.9 (17H, s + m, CH 2 -CH(CH 3 ) 2 + 
(CH 2 ) 3 -CH 2 -NH + C (CH 3 ) 3 ), 2.4-2.7 (5H, d + m, J=4.7Hz, NH-CH 3 + 
CH-CO x 2), 3.2-3.4 (2H, m, CH 2 -NH) , 4.25 (1H, m, NH-CH-CO), 
5.10 (2H, s, Q- CH 2 -Ph) , 6.5 (1H, m, NH ) , 7.0-7.2 (2H, m, NH x 2), 
7.2-7.5 (5H, m, aromatic-H). 

a e 
c) N -[4-Hydroxy-2(R)-isobutyl-3(RS)-methylsuccinyl]-N - 

benzyloxycarbonyl-L-lysine N-methy lamide • 1 acetate (Compound 

No. 22-c) 

To Compound No. 22-b (3.4 g, 6.54 mmol ) was added 

ice-cooled 95% trif luoroacetic acid (containing 5% water, 

20 ml) and the mixture was stirred for 4 hours at 5°C. The 

reaction mixture was concentrated under reduced pressure, and 

Et O was added to the residue. The mixture was stirred for 
2 

1 hour at room temperature to precipitate solid products which 
were collected by filtration, and dried, yielding the title 
compound as colorless glassy materials (3.0 g, 99%). 

^H-NMR (CDC1 3 )5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.3 (4H, 
m, CO-CH- CH 3 + CH(CH 3 ) 2 ), 1.3-1.8 (8H, m, CH 2 -CH(CH 3 ) 2 + 
CH- (CH 2 ) 3 ) , 2.49 (1H, m, CH-CO), 2.75 (4H, m, NH-CH 3 + CH-CO), 
2.94 (2H, m, CH 2 -NH) , 4.30 ( 1H , m, NH-CH-CO) , 5.12 (2H, s, 
0-CH 2 -Ph), 6.5 (1H, m, NH ) , 7.0-7.1 (2H, m, NH x 2), 7.2-7.5 
(5H, m, aromatic-H). 



d ) N a - [ 4- ( N-Benzy loxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methy 1- 
succinyl ]-N e -acetimidoyl-L-lysine N-methylamide (Compound No. 
22-d) 

To a solution of Compound No. 22-c (2.0 g, 4.31 mmol) in 
methanol (40 ml) was added 5% palladium on carbon (50% wet 
catalyst, 1.0 g), and the mixture was vigorously stirred under 
hydrogen atmosphere for 3.5 hours at room temperature. 
The catalyst was filtered off and then the solvent was 
evaporated under reduced pressure. The resulting residue 
was dissolved in DMF (40 ml), and cooled to 0°C, followed by 
addition of TEA (1.93 ml, 13.8 mmol) and ethyl acetimidate 
hydrochloride (577 mg, 4.53 mmol). 



The mixture was stirred for 15 hours at room temperature, 
and then cooled to 0°C, followed by successive addition of HOBT 
(612 mg, 24.9 mmol ) , O-benzy lhydroxylamine hydrochloride 
(1,38 g, 8.62 mmol), EDC (1.65 g, 8.62 mmol) and TEA (1.20 ml, 
8.62 mmol). The mixture was stirred for 15 hours at room 
temperature, and evaporated under reduced pressure. The 
reaction mixture was purified by DIAION HP-20 (Mitsubishi 
Chemical Corporation, Japan; 200 ml, eluted with 0-70% aqueous 
methanol) and column chromatography (silica gel; 70 g, eluted 
with a gradient mixture of chloroform :methanol :acetic acid= 
10:2:1 to 5:2:1). The pertinent fractions were pooled, 
followed by addition of water (30 ml). Lyophilization of 
the resultant mixture yielded the title compound as amorphous 
white powders (1.0 g, 49%). 

X H-NMR ( CDCl 3 + CD 3 C1)<5 ppm; 0.7-0.9 (6H, m, CH (CH 3 ) 2 ) , 
0.9-1.1 (4H, m, CO-CH-CH3 + CH(CH 3 ) 2 ), 1-2-1.9 (8H, m, 
CH 2 -CH(CH 3 ) 2 + CH- (CH 2 ) 3 ), 1.94 (3H, s, CH 3 CQ 2 H), 2.18 (3H, S, 
C-CH 3 ), 2.55 (1H, m, CH-CO), 2.73 (4H, m, NH-CH 3 + CH-CO), 
3.0-3.4 (2H, m, CH 2 -NH), 4.36 (1H, m, NH-CH-CO), 4.89 (2H, s, 
0-CH 2 -Ph), 7.2-7.4 (5H, m, aromatic-H). 



e ) N a - [ 4- ( N-Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methy lsucciny 1 ] -N 
acetimidoyl-L-lysine N-methy lamide • 1 acetate (Compound No. 22) 

To a solution of Compound No. 22-d (1.0 g, 2.10 mmol) in 
acetic acid (10 ml) was added 5% palladium on carbon (50% wet 
catalyst, 1.0 g), and the mixture was vigorously stirred under 
hydrogen atmosphere for 2.0 hours at room temperature. 
The catalyst was filtered off and then acetic acid was 
evaporated under reduced pressure. Et 2 ° < 20 ml > was added 
to the resulting residue to precipitate crystals which were 
collected by filtration, yielding the title compound as white 
crystals (889 mg, 95%), m.p.; 161-165°C, Rf value; 0.15 
(chloroform: methanol: acetic acid= 5:2:1), 0.43 ( n-BuOH : AcOH : 
water= 4:1:1) , FABMS (M +1): 386. 

X H-NMR (CD 3 OD) 6 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.1 (4H, 
m, CO-CH-CH 3 + CH(CH 3 ) 2 ), 1.3-1.9 (8H, m, CH 2 -CH ( CH 3 ) 2 + 
(CH 2 ) 3 -CH 2 -NH), 1.94 (3H, s, CH 3 CQ 2 H), 2.24 (4H, s + m, C-CHs + 
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CH-CO), 2.55 (1H, m, CH-CO), 2.72 (3H, m, NH-CH3 ) , 3.22 (2H, m, 
CHa-NH), 4.28 (1H, m, NH-CH-CO). 

Preparation Example 23 
N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1 -3 ( RS ) -methy lsucciny 1 ] - 
4'-aminomethyl-L-phenylalanine N-methylamide • 1 acetate 
(Compound No. 23) 

a ) N 3 - [ 4— tert-Butoxy-2 ( R ) -isobutyl-3 (RS ) -methy lsucciny 1 ] - 
L-4 * -cyanophenylalanine N-methylamide (Compound No. 23-a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 5 and Compound No. 18 to provide 
the title compound as a white solid (yield 80%), m.p.; 
160-164°C, Rf value; 0.60 ( chloroform :methanol= 10 : 1 ) . 

^H-NMR (CDCl 3 )5 ppm; 0.7-0.9 (9H, m, CH (CH 3 ) 2 + CO-CH-CH3 ) , 
1.2-1.5 (12H, m, CH 2 -CH (CH 3 ) 2 + C (CH 3 >3 ) , 2.41 (2H, m, 
CH-CO x 2), 2.73 (3H, m, NH-CH 3 ) , 3.0-3.4 (2H, m, C 6 H 4 -CH 2 ), 
77l2 (1H, m, NH-CH-CO), 6.27 and 6.58 ( 1H each, m, NH x 2 ) , 
7.33-7.59 (4H, m, aromatic-H). 

b ) N 3 - [ 4- ( N-Benzyloxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methy 1- 
succinyl ] -L-4 ' -cyanophenylalanine N-methylamide (23-b) 

To Compound No. 23-a (36.9 g, 85.9 mmol ) was added 
ice-cooled 95% trif luoroacetic acid (containing 5% water, 
200 ml) and the mixture was stirred for 2 hours at 5°C. 
The reaction mixture was concentrated under reduced pressure, 
and Et O was added thereto. The mixture was stirred for 1 hour 
at room temperature to precipitate solid products which were 
collected by filtration, and dried. 

The resultant solid materials were dissolved in DMF (300 
ml), and cooled to -15°C, followed by successive addition of 
HOBT (13.9 g, 103 mmol), O-benzylhydroxylamine hydrochloride 
(20.6 g, 129 mmol), EDC (19.7 g, 103 mmol) and TEA (18.0 ml, 
129 mmol). After stirred for 15 hours at room temperature, 
the reaction mixture was added dropwise to water (2 L) to 
precipitate crystals which were collected by filtration. 
The resultant crystals were washed successively with IN 



hydrochloric acid, 10% aqueous Na^O^ water, and EI^O, 
and dried under reduced pressure to give the title compound as 
white crystals (39.2 g, 95%), Rf value; 0.42 and 0.47 
(chloroform: methanol = 10:1). 

^-H-NMR ( CDC1 3 + CD 3 OD)<5 ppm; 0.5-1.0 (10H, m, CH(CH 3 ) 2 + 
CO-CH-CH3), 1.2-1.5 (2H, m, CHa-CH(CH 3 ) a )., 2.0 and 2.34 ( 1H 
each, m, CH-CO x 2), 2.73 (3H, m, NH-CH3 ) , 2.98 and 3.19 ( 1H 
each, m, C 6 H 4 -CH 2 ), 3.59 (1H, m, NH-CH-CO ), 4.63 (1H, m, NH), 
4.86 (2H, m, Q-CH 2 -Ph), 7.13 ( 1H , m, NH), 7.3-7.6 (9H, m, 
aromatic-H ) . 

c ) N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isobutyl-3 (RS ) -methyl succiny 1 ] - 
4'-aminomethyl-L-phenylalanine N-methylamide • 1 acetate 

(Compound No. 23) 

To a solution of Compound No. 2 3-b (10.0 g, 20.8 mmol ) in 
acetic acid (90 ml) was added 5% palladium on carbon (50% wet 
catalyst, 5 g), and the mixture was vigorously stirred under 
hydrogen atmosphere for 16 hours at room temperature. 
The catalyst was filtered off and then acetic acid was 
evaporated under reduced pressure. The resultant residue 
was dissolved in water (80 ml), and then lyophilized. 
The resulting crude product was purified by column reversed 
phase chromatography (500 g of Chromatorex ODS-1020T, Fuji 
Silysia chemical, Japan; eluted with a gradient of 0% to 4% 
methanol/ 0.1% aqueous acetic acid), and then lyophilized 
to give the title compound as a white solid (6.7 g, 71%), 
m.p.; 223-226°C, Rf value; 0.14 ( chloroform :methanol : acetic acid 
=5:2:1), 0.52 and 0.60 ( n-BuOH : AcOH : water = 4:1:1). 

1 H-NMR (CD 3 OD)5 ppm; 0.68 (3H, m, CO-CH-CH 3 ) , 0.7-0.9 (6H, m, 
CH (CH 3 ) 2 ), 1.2-1.6 (4H, m, CH 2 -CH ( CH 3 ) 2 ) , 1.93 (3H, s, CH3C0 2 H), 
2.57 (2H, m, CH-CO x 2), 2.66 (3H, m, NH-CH. ) , 2.89-3.30 (2H, m, 
CeH.-CH^), 4.04 (2H, m, CH 2 -NH 2 ) , 4.67 (1H, m, NH-CH-CO), 7.35 
(4H, m, aromatic-H). 



-95- 

Preparation Example 24 
N a -[4-(Hydroxyamino)-2(R) ,3(R or S ) -diisobutylsucciny 1 ] - 
L-arginine N-methylamide • 1 acetate (Compound No. 24) 

9 9 

a) N a -[4-tert-Butoxy-2(R) , 3 ( RS ) -diisobutylsucciny 1 ] -N ,N -di- 
benzyloxycarbonyl-L-arginine N-methylamide (Compound No. 24-a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 9 and Compound No. 17 to provide 
the title compound as a white solid (yield 66%). 

MI-NMR (CDCl 3 )<5 ppm; 0.8-0.9 (12H, m, CH (CH 3 ) 2 x 2), 1.1-1.3 
(2H, m, CH(CH 3 ) 2 x 2), 1.4-2.0 (17H, s + m, CH^-CH(CH 3 ) 2 x 2 + 
(CH 2 ) 2 -CH 2 -NH + C (CH 3 ) 3 ), 2.4-2.6 (2H, m, CH-CO x 2), 2.72 (3H, 
d, J=4.8Hz, NH-CH^), 3.6-3.9 (2H, m, CH 2 -NH), 4.32 (1H, m, 
NH-CH-CO), 5.0-5.3 (4H, s x 2, Q-CH 2 -Ph x2 ) , 7.0 (1H, m, NH ) , 
7.2-7.5 (HH, m, aromatic-H + NH), 8.3 and 8.5 (2H, m, NH x 2). 

b) N a -[4-(Hydroxyamino)-2(R) ,3(R or S ) -diisobutylsucciny 1 ] - 
L-arginine N-methylamide- 1 acetate (Compound No. 24) 

The procedures of Preparation Examples 23-b and c were 
repeated using Compound No. 24-a to provide the title compound 
as a white solid (overall yield 60%). 

^-H-NMR (CD 3 OD)<5 ppm; 0.6-0.9 (12H, m, CH (CH 3 ) 2 x 2), 1.0-1.2 
(2H, m, CH(CH 3 ) 2 x 2), 1.3-1.9 (8H, m, CH 2 -CH(CH 3 ) 2 x 2 + 
(CH 2 ) 2 -CH 2 -NH), 1.96 ( 3H , s, CH 3 C0 2 H), 2.4-2.6 (2H, m, CH-CO x 2), 
2.72 (3H, S, NH-CH 3 ) , 3.6-3.9 (2H, m, CH 2 -NH), 4.27 (1H, m, 
NH-CH-CO) . 

Preparation Example 25 
N 3 - [ 4 - ( Hydroxyami no ) - 2 ( R ) - i sobu ty 1 - 3 ( RS ) -me thy 1 succiny 1 ] - 
L-arginine N-methylamide- 1 acetate (Compound No. 25) 

a ) N 3 - [ 4-tert-Butoxy-2 ( R ) -isobuty 1-3 ( RS ) -methy lsucciny 1 ] -N 9 , N 9 - 
dibenzyloxycarbonyl-L-arginine N-methylamide (Compound No. 25-a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 9 and Compound No. 18 to provide 
the title compound as a white solid (yield 57%). 

X H-NMR (CDC1 3 )«5 ppm; 0.7-1.0 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.3 (4H, 



m, CH(CH 3 ) 2 + CO-CH-CH3 ) , 1.3-2.0 (15H, s + m, CH 2 -CH(CH 3 ) 2 + 
(CH a ) a -CH a -NH + C (CH 3 ) 3 ), 2.2-2.7 (5H, d + m, J=4.8Hz, NH-CH 3 + 
CH-CO x 2), 3.6-4.6 (3H, m, CH 2 -NH + NH-CH-CO), 5.14 and 5.23 
(4H, s x 2, Q-CH 2 -Ph x2), 6.5-7.1 (3H # m, NH x 3), 7.2-7.5 (10H, 
m, aromatic-H), 9.5 (1H, m, NH ) . 

b ) N a - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methy lsucciny 1 ] - 

L-arginine N-methy lamide * 1 acetate (Compound No. 25) 

The procedures of Preparation Examples 23-b and c were 

repeated using Compound No. 2 5-a to provide the title compound 

as amorphous white powders (overall yield 53%), Rf value; 

0.15 (chloroform:methanol : acetic acid= 5:2:1), 0.47 

+ 

(n-BuOH:AcOH: water = 4:1:1) , FABMS (M +1): 373. 

1 H-NMR (CD 3 OD)<5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.2 (4H, 
m, CH(CH 3 ) 2 + CO-CH-CH 3 ) , 1.3-1.9 (6H, m, CH 2 -CH(CH 3 ) 2 + 
(CH 2 ) 2 -CH 2 -NH) , 1.94 (3H, s, CH 3 CQ 2 H), 2.2-2.6 (2H, m, CH-CO x 2), 
2.73 (3H, s, NH-CH 3 ) , 3.6-3.8 (2H, m, CH 2 -NH) , 4.26 (1H, m, 
NH-CH-CO) . 

Preparation Example 26 
N 4 - [ 3-Guanidino-l ( S ) -methy lcarbamoylpropyl ] -N -hydroxy-3 ( R ) - 
isobutyl-2-(RS)-(3-phenylpropyl)succinamide * 1 acetate 
(Compound No. 26) 

a ) [ 4-tert-Butoxy-2 ( R ) -isobuty 1-3 ( RS ) - ( 3-pheny lpropy 1 ) ] - 

1 2 

succinic acid N-[3-N ,N -dibenzy loxycarbonylguanidino-1 { S ) - 
methylcarbamoyl-n-propyl lamide (Compound No. 26-a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 10 and Compound No. 16 to provide 
the title compound as a white solid (yield 55%). 

X H-NMR (CDC1 3 )5 ppm; 0.87 (6H, m, CH (CH 3 ) 2 ), 1.2-1.9 (18H, m, 
CH 2 -CH (CH 3 ) 2 + CH 2 -CH 2 -NH + ( CH 2 ) 2 -CH 2 -Ph + C (CH 3 ) 3 ), 2.1-2.8 
(7H, d + m, J=4.8Hz, NH- CH 3 + CH-CO x 2 + CH 2 -Ph) , 3.6-3.8 (2H, 
m, CH 2 -NH), 4.45 (1H, m, + NH-CH-CO) , 5.0-5.3 (4H, m, Q- CH 2 -Ph 
x 2), 7.0 (1H, m, NH), 7.2-7.5 (16H, m, aromatic-H + NH), 8.4 
and 8.6 (2H, m, NH x 2 ) . 



-97- 

b ) N 4 - 1 3-Guanidino-l ( S ) -methylcarbamoy Ipropy 1 ] -N 1 -hydroxy- 
3(R)-isobutyl-2-(RS)-(3-phenylpropyl)succinamide • 1 acetate 

(Compound No. 26) 

The procedures of Preparation Examples 23-b and c were 
repeated using Compound No. 26-a to provide the title compound 
as a white solid (overall yield 51%), m.p.; 143-149°C, Rf value; 
0.38 ( chloroform :methanol : acetic acid= 5:2:1), 0.62 
(n-BuOH:AcOH: water = 4:1:1) , FABMS (M +2): 464 . 

^H-NMR (CD 3 OD)<5 ppm; 0.87 (6H, m, CH (CH 3 ) 2 ) , 1.1-1.9 (9H, m, 
CH 2 -CH (CH 3 ) 2 + CH 2 -CH 2 -NH + ( CH^ ) 2 -CH 2 -Ph ) , 2.2-2.8 (7H, s + m, 
NH-CH 3 + CH-CO x 2 + CH 2 -Ph) , 3.6-3.8 (2H, m, CH 2 -NH) , 4.25 (1H, 
m, + NH-CH-CO), 7.1-7.3 (5H, m, aromatic-H). 

C3 

11= Preparation Exa mple 27 

!: J ■ — " 1 

W N 4 - [ 3-Guanidino-l ( S ) -methylcarbamoy Ipropy 1 ] -N -hydroxy- 

'« 3(R) ,2(RS)-diisobutylsuccinamide • 1 acetate (Compound No. 27) 

O 

1 y a ) [ 4-tert-Butoxy-2 ( R ) -isobuty 1-3 ( RS ) -isobutyl ] succinic acid- 

O M_ [ 3-n 1 , N 2 -dibenzyloxycarbony lguanidino-1 ( S ) -methylcarbamoy 1- 

^ propyl] amide (Compound No. 27-a) 

j'y The procedures of Preparation Examples 22-a and b were 

|;3 repeated using Compound No. 10 and Compound No. 17 to provide 

the title compound as a white solid (yield 22%). 

X H-NMR (CDC1 3 )5 ppm; 0.8-0.9 (12H, m, CH (CH 3 ) 2 x 2), 1.1-1.3 
<2H, m, CH(CH 3 ) 2 x 2), 1.4-1.9 (15H, s + m, CH^-CH(CH 3 ) 2 x 2 + 
CH 2 -CH 2 -NH + C (CH 3 ) 3 ), 2.4-2.6 (2H, m, CH-CO x 2), 2.71 <3H, d # 
J=4.8Hz, NH-CH 3 ), 3.6-3.8 (2H, m, CH 2 -NH), 4.40 (1H, m, 
NH-CH-CO), 5.0-5.3 (4H, m, Q- CH 2 -Ph x2 ) , 7.1 (1H, m, NH), 
7.2-7.5 (11H, m, aromatic-H + NH), 8.4 and 8.6 (2H, m, NH x 2). 

b ) N 4 - [ 3-Guanidino-l { S ) -methylcarbamoy Ipropy 1 ] -N 1 -hydroxy- 
3(R) ,2(RS)-diisobutylsuccinamide • 1 acetate (Compound No. 27) 

The procedures of Preparation Examples 23-b and c were 
repeated using Compound No. 27-a to provide the title compound 
as a white solid (overall yield 18%), m.p.; 165-167°C, Rf value 
0.27 (chloroform:methanol :acetic acid= 5:2:1), 0.66 
(n-BuOH:AcOH: water = 4:1:1) , FABMS (M +1): 401. 



g 8 



*H-NMR (CD 3 OD)6 ppm; 0.6-0.75 and 0.8-0.9 (13H, m, CH(CH 3 ) 2 x 
2 + CH(CH 3 ) 2 ), 1.06 (1H, m, CH(CH 3 ) 2 ), 1.3-1.9 (6H, m, 
CH 2 -CH(CH 3 ) 2 x 2 + CH 2 -CH 2 -NH), 1.95 (3H, s, CH.CO.H), 2.4-2.6 
(2H, m, CH-CO x 2), 2.73 (3H, s, NH-CH 3 ) , 3.6-3.8 (2H, m, 
CH 2 -NH) , 4.25 (1H, m, NH-CH-CO). 

Preparation Exam ple 28 

1 

N 4 - [ 3-Guanidino-l ( S ) -methy lcarbamoylpropy 1 ] -N -hydroxy-3 ( R ) - 

isobutyl-2(R or S ) -methy lsuccinamide • 1 acetate (Compound No. 
28 ) 

a) [4-tert-Butoxy-2(R)-isobutyl-3(R or S ) -methy 1 ] succinic 
acid N- [ 3-N 1 , N 2 -dibenzy loxycarbony lguanidino-1 ( S ) -methyl- 
carbamoylpropyl] amide (Compound No. 28-a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 10 and Compound No. 18 to provide 
the title compound as a white solid (yield 25%). 

1 H-NMR (CDC1 3 )5 ppm; 0.7-1.0 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.2 (4H, 
m, CH(CH 3 ) 2 + CO-CH-CH 3 ) , 1.3-2.1 (13H, s + m, CH,-CH(CH 3 ) 2 + 
CH^H.-NH + C (CH 3 ) 3 ), 2.1-2.8 (5H, d + m, J = 4.8Hz, CH-CO x 2 + 
NH-CH 3 ), 3.2 and 3.6 ( 1H each, m, CH 2 -NH) y 4.45 (1H, m, 
NH-CH^CO), 5.0-5.3 (4H, m, Q-CH 2 -Ph x2 ) , 7.1 (1H, m, NH), 
7.2^7.5 (HH, m, aromatic-H + NH), 8.4 and 8.6 (2H, m, NH x 2 ) . 

b ) N 4 - [ 3-Guanidino-l ( S ) -methylcarbamoy lpropy 1 ] -N 1 -hydroxy- 
3(R)-isobutyl-2(R or S ) -methylsuccinamide • 1 acetate 

( Compound No . 28) 

The procedures of Preparation Examples 23-b and c were 
repeated using Compound No. 28-a to provide the title compound 
as a white solid (overall yield 65%), m.p.; 135-139°C, Rf value; 
0.15 (chloroform:methanol racetic acid= 5:2:1), 0.49 
(n-BuOH:AcOH: water = 4:1:1) , FABMS (M +1): 359. 

HI-NMR (CD 3 OD)<5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.2 (4H, 
m, CH(CH 3 ) 2 + CO-CH-CH 3 ) , 1.3-1.9 (4H, m, CH 2 -CH(CH 3 ) 2 + 
CH 2 -CH 2 -NH), 1.95 (3H, S, CH 3 CQ 2 H), 2.2-2.6 (2H, m, CH-CO x 2), 
2.72 (3H, s, NH-CH 3 ) , 3.6-3.8 (2H, m, CH 2 -NH), 4.27 (1H, m, 
NH-CH-CO) . 
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Preparation Example 29 
N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methy lsucciny 1 ] - 
L-ornithine N-methy lamide • 1 acetate (Compound No. 29) 

_ d 

a) N a -[4-tert-Butoxy-2(R)-isobutyl-3(RS)-methylsuccinyl]-N - 
benzyloxycarbonyl-L-ornithine N-methylamide (Compound No. 29-a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 7 and Compound No. 18 to provide 
the title compound as a colorless oil (yield 72%). 

*H-NMR (CDC1 3 )<5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ), 1.0-1.3 (4H, 
m, CH(CH 3 ) 2 + CO-CH-CH3 ) , 1.3-1.9 <15H, s + m, CH a -CH(CH 3 ) 2 + 
(CH~)" 2 -CH 2 -NH + C (CH 3 ) 3 ), 2.5-2.7 (2H, m, CH-CO x 2), 2.72 (3H, 
d, J=4.8Hz, NH-CH 3 ), 3.2-3.4 (2H, m, CH.-NH), 4.30 (1H, m, 
NH-CH-CO), 5.09 (2H, s, Q-CH 2 -Ph), 6.4-6.7 (1H, m, NH ) , 
7.0-7.2 (2H, m, NH x 2), 7.2-7.5 (5H, m, aromatic-H). 

b ) N a - 1 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methy lsucciny 1 ] - 
L-ornithine N-methylamide • 1 acetate (Compound No. 29) 

The procedures of Preparation Examples 23-b and c were 
repeated using Compound No. 29-a to provide the title compound 
as amorphous white powders (overall yield 28%). 

*H-NMR (CD 3 OD)<5 ppm; 0.8-0.9 <6H, m, CH (CH 3 ) 2 ), 1.0-1.2 (4H, 
m, CH(CH 3 ) 2 + CO-CH-CH 3 ), 1.3-1.7 (6H, m, CH,-CH(CH 3 ) 2 + 
(CH a )a -CH,-NH) f 1.88 (3H, S, CH.CO.H), 2.4-2.7 (5H, m, CH-CO x 2 
+ NH-CH 3 ), 2.85 (2H, m, CH.-NH), 4.27 (1H, m, NH-CH-CO ) . 

Preparation Example 30 
N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) - ( 3-pheny lpropyl ) - 
succinyl]-N e -acetimidoyl-L-lysine N-methylamide • 1 acetate 
(Compound No. 30) 

a ) N a - [ 4 -tert-Butoxy-2 ( R ) -isobuty 1 -3 ( RS ) - ( 3-pheny lpropyl ) - 
succinyl ]-N e -2-chlorobenzyloxycarbonyl-L-lysine N-methylamide 

(Compound No. 30 -a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 13 and Compound No. 16 to provide 
the title compound as a colorless oil (yield 83%). 
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^H-NMR (CDC1 3 )<5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ), 1-08 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.9 (21H, s - m, ( CH 2 ) 3 -CH 2 -NH + ( CH 2 ) 2 -CH 2 -Ph + 
C (CH 3 ) 3 + CH 2 CH(CH 3 ) 2 ), 2.4-2.6 (4H, m, CH-CO x 2 + CH.-Ph ) , 
2.77 (3H, m, NH-CH 3 ) , 3.18 (2H, m, CH.-NH), 4.32 (1H, m,+ 
NH-CH-CO), 4.91 (1H, m, NH), 5.22 <2H, m, O-CH^-CoH* ) , 6.28 and 
6.4 (2H, m, NH x 2), 7.1-7.4 (9H, m, aromatic-H). 

b) N 4 -Benzyloxy-N 4 -ben Z yloxYcarbonyl-N 1 -[5-ben ZY loxycarbonyl- 
am ino-l(S)-methylcarbamoylpentyl]-2(R)-isobutyl-3(RS)-(3-phenyl- 

propyl )succinamide (Compound No. 30-b) 

The procedure of Preparation Example 22-a was repeated 

using Compound No. 1 and Compound No. 19 to provide the title 

compound as a white solid (yield 52%). 

*H-NMR (CDC1 3 )5 ppm; 0.7-1.0 (6H, m, CH (CH 3 ) 2 ), 1.0-1.2 (1H, 

m, CH(CH 3 ) 2 ), 1.2-1.9 (12H, m, CH- (CH 2 ) 3 + ( CH 2 ) 2 -CH 2 -Ph + 

CH 2 CH(CH 3 ) 2 ), 2.4-2.6 (3H, m, CH-CO + CH.-Ph ), 2.73 (3H, d, 
J=4.8Hz, NH-CH.), 3.1-3.3 (2H, m, CH.-NH), 3.90 (1H, m, CH-CO), 
4.08 (1H, m, NH-CH-CO), 4.80 (2H, m, O-CH^-Ph), 5.09 and 5.26 
(4H, s x 2, C(=Q)Q-CH 2 -Ph x 2, 6.5 (1H, m, NH), 7.0-7.2 (2H, m, 
NH x 2), 7.0-7.4 (20H, m, aromatic-H). 

c ) N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) - ( 3-pheny lpropy 1 ) - 
succinyl]-L-lysine N-methylamide (Compound No. 30-c) 

The procedures of Preparation Examples 23-b and c except 
using MeOH for catalytic hydrogenation were repeated using 
Compound No. 30-a to provide the title compound as a white 
solid (overall yield 70%), m.p.; 181-182°C, Rf value; 0.46 
(chloroform:methanol:acetic acid= 5:2:1), 0.56 (n-BuOH: AcOH: 
water= 4:1:1). 

^H-NMR (DMSO-d e )5 ppm; 0.7-1.0 (7H, m, CH(CH 3 ) 2 ), 1.1-1.7 
(12H, m, CH 2 -CH(CH 3 ) 2 + ( CH 2 ) 3 -CH 2 -NH 2 + ( CH 2 ) 2 -CH 2 -Ph ) , 
2.3-2.7 (m, NH-CH 3 + CH-CO x 2 + CH 2 -Ph + CH 2 -NH 2 ) , 4.18 (1H, 
m, NH-CH-CO), 7.1-7.3 (5H, m, aromatic-H). 

Similarly, the procedure of Preparation Example 23-c 
except using MeOH for catalytic hydrogenation was repeated 
using Compound No. 30-b to provide the title compound (yield 
82%) . 
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d ) N a - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) - ( 3-pheny lpropyl ) - 
succinyl]-N e -acetimidoyl-L-lysine N-methy lamide • 1 acetate 

(Compound No. 30) 

Compound No. 30-c (3.78 g, 8.42 mmol ) was dissolved in DMF 
(100 ml), and cooled to 0°C, followed by addition of TEA (2.41 
ml, 17.3 mmol) and ethyl acetimidate hydrochloride (1.13 g, 
8.84 mmol). The mixture was stirred for 30 minutes at 0°C, and 
then for another 1 hour at room temperature. DMF was evaporated 
under reduced pressure and the residue was purified by 
column reversed phase chromatography (200 g of Chromatorex 
ODS-1020T, Fuji Silysia Chemical, Japan; eluted with a gradient 
of 4% to 20% methanol/0.1% aqueous acetic acid), and then 

□ lyophilized to give the title compound as a white solid (2.50 g, 
H 54%), m.p.; 119-124°C, Rf value; 0.29 ( chloroform : methanol : 

U acetic acid- 5:2:1), 0.60 ( n-BuOH : AcOH : water- 4:1:1), 

iiA + 

! « FABMS (M +2): 492. 

O X H-NMR (CD 3 OD)<5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.1 (1H, 

m m, CH(CH 3 ) 2 ), 1.2-1.9 (12H, m, ( CH 2 ) 3 -CH 2 -NH + ( CH 2 ) 2 -CH 2 -Ph + 

O CH 2 CH(CH 3 ) 2 ), 1.92 (3H, s, CH 3 CQ 2 H), 2.19 (3H, s, C-CHa > , 

^ 2.5-2.6 (4H, m, CH-CO x 2 + CH^-Ph ), 2.72 (3H, s, NH-CH 3 ) , 

jlj 3.20 (2H, m, CH 2 -NH) , 4.27 (1H, m, NH-CH-CO), 7.1-7.3 (5H, m, 

□ aromatic-H) . 

I' 3 

Preparation Example 31 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methy lsucciny 1 ] - 
4 • _ [ tetramethy 1 bis ( phosphono )methy limino ] -L-pheny lalanine 
N-methy lamide (Compound No. 31) 

a ) N a - [ 4-tert-Butoxy-2 ( R ) -isobuty 1-3 ( RS ) -methy lsucciny 1 ] - 
4 ' - [ tetramethy 1 bis ( phosphono )methy limino] -L-phenylalanine 
N-methy lamide (Compound No. 31-a) 

To a solution of Compound No. 12 (3.10 g, 5.56 mmol) in 
MeOH (100 ml) was added 10% palladium on carbon (50% wet 
catalyst, 3.1 g), and the mixture was vigorously stirred under 
hydrogen atmosphere for 1.5 hours at room temperature. 
The catalyst was filtered off and then the solvent was 
evaporated under reduced pressure. The resultant oily 
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material was dissolved in DMF (60 ml), to which was added 
Compound No. 18 (1.36 g, 5.56 mmol ) , HOBT (900 mg, 6.67 mmol), 
EDC (1.28 g, 6.67 mmol) and TEA (775 n 1, 5.58 mmol) 
successively with stirring at -15°C. The mixture was stirred 
for 1 hour at -15°C, and further for another 15 hours at room 
temperature, and evaporated under reduced pressure, followed by 
addition of AcOEt (200 ml). The resultant mixture was 
partitioned and washed successively with saturated aqueous 
sodium chloride, IN hydrochloric acid, saturated aqueous NaHCCy 
and saturated aqueous sodium chloride (twice for each). 
The organic layer was dried over anhydrous MgSC> 4 , and 
evaporated under reduced pressure, and the residue was purified 
p column chromatography (silica gel; 130 g, eluted with a mixture 

3 of chloroform:methanol= 20:1) to give the title compound as a 

pale yellow oil (1.49 g, 41%). 
j!t ^H-NMR (CDCl 3 )S ppm; 0.7-1.2 (9H, m, CH (CH 3 ) 2 + CO-CH-CH3 ) , 

;;= 1.3 (1H, m, CH(CH 3 ) 2 ), 1.4-1.8 (11H, m, CH 2 -CH(CH 3 ) 2 + C (CH 3 ) 3 ), 

2.3-2.5 (2H, m, CH-CO x 2), 2.72 (3H, m, NH-CH 3 ) , 2.95 (2H, m, 
C 6 H <l -CH 2 ), 3.80 (12H, m, Q-CH 3 x 4), 4.12 (1H, m, NH-CH-CO), 
4.58 (1H, m, P-CH-P), 5.90 , 6.17 and 6.36 (3H, m, NH x 3), 
6.61-7.07 (4H, m, aromatic-H). 

b) N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S)-methyl- 
succinyl ] -4 ' - [ tetramethy 1 bis ( phosphono ) methyl imi no ] -L-phenyl- 
alanine N-methylamide (Compound No. 31) 

The procedures of Preparation Examples 23-b and c were 
repeated using Compound No. 31-a to provide the title compound 
as a white solid (overall yield 42%), m.p.; 204-208°C, Rf 
value; 0.52 ( chloroform : methanol :acetic acid= 5:2:1), 0.63 
(n-BuOH:AcOH: water = 4:1:1) , FABMS (M + +2): 610. 

1 H-NMR (CD 3 OD)5 ppm; 0.6 (3H, d, J = 6.9Hz, CO-CH-CH 3 ) , 0.72 
and 0.79 (6H, d each, J=6.6 and 6.3Hz, CH (CH 3 ) 2 ), 0.9 and 
1.1-1.5 (3H, m, CH 2 -CH (CH 3 ) 2 ) , 1.98 and 2.38 ( 1H each, m, 
CH-CO x 2), 2.57 (3H, s, NH-CH 3 ) , 2.6-2.9 (2H, m, CeH^-CH* ) , 
3767 (12H, m, Q-CH 3 x 4), 4.46 (2H, m, NH-CH-CO + P-CH-P), 
6.6-7.0 (4H, m, aromatic-H). 
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Preparation Example 32 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methy lsuccinyl ] - 
4 • - [ trimethy 1 bis ( phosphono )methy limino ] -L-phenylalanine 
N-methylamide • 1 sodium salt (Compound No. 32) 

Compound No. 31-b (1.18 g, 1.94 mmol ) was dissolved in 
MeOH (15 ml), and cooled to 0°C, followed by dropwise addition 
of 2N aqueous sodium hydroxide (9.7 ml). The mixture was 
stirred for 15 hours at room temperature, and then re-cooled to 
0°C. The cooled reaction mixture was adjusted with 
6N hydrochloric acid to P H 7 , and evaporated. The resultant 
residue was purified by column reversed phase chromatography 
(50 g of Chromatorex ODS-1020T, Fuji Silysia Chemical, Japan; 
eluted with a gradient of 1 to 10% aqueous methanol), and then 
lyophilized to give the title compound as a white solid 
(263 mg, 22%), m.p. ; 235-240°C, Rf value; 0.14 (chloroform: 
methanol: acetic acid= 5:2:1), 0.46 ( n-BuOH :AcOH: water = 4:1:1). 

^H-NMR (CD 3 OD)5 ppm; 0.71 (3H, d, J=6.6Hz, CO-CH-CH3 ) , 0.81 
and 0.88 (6H, d each, J=6.6 and 6.3Hz, CH (CH 3 ) 2 ), 1.02 and 
1.2-1.6 (3H, m, CH 2 -CH (CH 3 ) 2 ), 2.08 and 2.48 ( 1H each, m, 
CH-CO x 2), 2.66 (3H, s, NH-CH 3 ) , 2.7-3.0 (2H, m, C 6 H 4 -CH* ) , 
1748 (3H, m, O-CH3 x 4), 3.70 and 3.75 (6H, m, O-CHa x 2), 
4.07 (1H, m, NH-CH-CO), 4.54 (1H, m, P-CH-P), 6.6-7.1 (4H, m, 
aromatic-H ) . 
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Preparation Example 33 
l - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methy lsuccinyl ] - 
4 • -[tetraethyl bis ( phosphono )methylimino ] -L-phenylalanine 
N-methylamide (Compound No. 33) 

a ) N a - [ 4-tert-Butoxy-2 (R) -isobutyl-3 ( RS ) -methy lsuccinyl ] -4 ' - 
[ tetraethyl bis ( phosphono )methylimino] -L-phenylalanine N-methyl- 
amide (Compound No. 3 3 -a) 

The procedure of Preparation Example 31-a was repeated 
using Compound No. 11 and Compound No. 18 to provide the title 
compound as a yellow oil (yield 89%). 

1 H-NMR (CDC1 3 )<5 ppm; 0.7-0.9 (6H, m, CH (CH 3 ) 2 ), 0.9-1.1 (4H, 
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m, CH(CH 3 ) 2 + CO-CH-CH3 ) , 1.2-1.35 (12H, m, CH 2 -CH3 x 4), 1.43 
(9H, s, C (CH 3 )3 ), 1.6-1.9 (2H, m, CH^-CH ( CH 3 ) 2 ) , 2.3-2.5 (2H, m, 
CH-CO x 2), 2.69 (3H, m, NH-CH 3 ) , 2.95-3.1 (2H, m, C 6 H 4 -CH2 ) , 
770-4.3 (9H, m, CH 2 -CH 3 x 4 + NH-CH-CO), 4.55 (1H, m, P-CH-P), 
5.77 , 6.19 and 6.41 ( 1H each, m, NH x 3), 6.6-7.1 (4H, m, 
aromatic-H ) . 

b ) N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methy lsucciny 1 ] - 
4 ' - [ tetraethy 1 bis ( phosphono ) methy limine- ] -L-pheny lalanine 
N-methylamide 

The procedures of Preparation Examples 23-b and c were 
repeated using Compound No. 33-a to provide the title compound 
as a white solid (overall yield 16%), m.p.; 185-189°C, 
Rf value; 0.68 ( chlorof ormrmethanol :acetic acid- 5:2:1), 
0.83 ( n-BuOH:AcOH: water = 4:1:1), FABMS (M +2): 666. 

*H-NMR (CD 3 OD)<5 ppm; 0.62 (3H, d, J = 6.9Hz, CO-CH-CH^ ) , 0.72 
and 0.79 (6H, d each, J=6.6 and 6.3Hz, CH (CH 3 ) 2 ), 0.9 (1H, m, 
CH(CH 3 ) 2 ), 1.0-1.2 (12H, m, CH 2 -CH 3 x 4), 1.2-1.5 (2H, m, 
CH 2 -CH(CH 3 ) 2 ), 2.0 (1H, m, CH-CO), 2.38 (1H, m, CH-CO), 2.59 
(3H, m, NH-CHj3 ) , 2.6-2.9 (2H, m, C^-CH^ ) , 3.9-4.1 (8H, m, 
CH 2 -CH 3 x 4), 4.45 (2H, m, NH-CH-CO + P-CH-P), 6.6-7.0 (4H, m, 
aromatic-H ) . 

Preparation Example 34 
N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methyl succiny 1 ] -4 ' - 
[triethyl bis(phosphono)methylimino]-L-phenylalanine N-methyl- 
amide • 1 sodium salt (Compound No. 34) 

The procedure of Preparation Example 32 was repeated using 
Compound No. 33-b (1.18 g, 1.94 mmol ) to provide the title 
compound as a white solid (overall yield 32%), m.p.; 215-220°C, 
Rf value; 0.31 ( chloroform:methanol :acetic acid= 5:2:1), 
0.60 (n-BuOH:AcOH: water = 4:1:1) . 

*H-NMR (CD 3 OD)5 ppm; 0.75 (3H, d, J = 6.6Hz, CO-CH-CHa ) , 0.82 
and 0.88 (6H, d x 2, J = 6.6 and 6.3Hz, CH (CH 3 ) 2 ), 0.9-1.6 (12H, 
m, CH 2 -CH (CH 3 ) 2 + CH.-CH. x 3), 2.11 and 2.49 (1H, m, CH-CO x 2), 
2.65 (3H, s, NH-CH 3 ) , 2.7-3.0 (2H, m, CeH-.-CH, ) , 3.84 and 
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4.0-4.2 (6H, m, CH,-CH 3 x 3), 4.53 <2H, m, NH-CH-CO + P-CH-P), 
6.6-7.1 (4H, m, aromatic-H ) . 

Preparation Example 35 
N 3 - [ 4 - ( Hydroxyamino ) -2 ( R ) , 3 ( RS ) -dii sobuty 1 succiny 1 ] -4 1 -amino- 
methyl-L-phenylalanine N- ( 2-hydroxyethyl ) amide • 1 acetate 
( Compound No . 35) 

a ) N a - [ 4-tert-Butoxy-2 ( R ) , 3 ( RS ) -diisobutylsucciny 1 ] -L-4 • -cyano- 
phenylalanine N-( 2-benzy loxyethyl )amide (Compound No. 35-a) 
The procedure of Preparation Example 22-a was repeated 
using Compound No. 14 and Compound No. 17 to provide the title 
compound as a colorless glassy material (yield 58%), m.p.; 
64-67°C, Rf value; 0.38 ( chlorof orm:methanol= 20:1). 

^H-NMR (CDCl 3 )<5 ppm; 0.7-0.9 (12H, m, CH (CH 3 ) 2 x 2), 0.9-1.1 
(2H, m, CH(CH 3 ) 2 x 2), 1.2-1.6 (13H, m, C (CH 3 ) 3 + CH,-CH(CH 3 ) 2 
x 2), 2.32 and 2.48 ( 1H each, m, CH-CO x 2), 3.10 (2H, d, 
J=7.2HZ, C 6 H 4 -CH,), 3.3-3.6 (4H, m, NH- CH 2 -CH 2 -Q) , 4.45 (2H, s, 
O-CHa-Ph), 4.66 (1H, m, NH-CH-CO), 6.12 and 6.33 (1H each, m, 
NH x 2), 7.2-7.6 (9H, m, aromatic-H). 

b ) N a - [ 4- ( Hydroxyamino ) -2 ( R ) , 3 ( RS ) -diisobuty lsucciny 1 ] -4 ' - 
aminomethyl-L-phenylalanine N- ( 2-hydroxyethyl ) amide • 1 acetate 

( Compound No . 35) 

The procedures of Preparation Examples 23-b and c were 
repeated using Compound No. 35-a to provide the title compound 
as a white solid (overall yield 46%), m.p.; 196-198°C, 
Rf value; 0.45 ( chlorof orm:methanol : acetic acid= 5:2:1), 
0.49 (n-BuOH:AcOH: water = 4:1:1), FABMS (M + +1): 465. 

^-H-NMR (CD 3 0D)5 ppm; 0.6-0.8 (6H, m, CH (CH 3 ) 2 ), 0.8-0.9 (6H, 
m, CH (CH 3 ) 2 ), 0.9-1.1 (2H, m, CH(CH 3 ) 2 x 2), 1.3-1.7 (4H, m, 
CH 2 -CH(CH 3 ) 2 x 2), 1.93 <3H, s, CH 3 C0 2 H), 2.16 and 2.47 ( 1H 
each, m, CH-CO x 2), 2.98 and 3.10 ( 1H each, m, C 6 H 4 -CH2 ) , 
3.23 and 3.50 (m, NH- CH 2 -CH 2 -Q ) , 4.03 (2H, s, CH*-NH a ) , 4.67 
(1H, m, NH-CH-CO), 7.38 (4H, m, aromatic-H). 
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Preparation Example 36 
N a _ [4 -(Hydroxyamino) -2 (R) -isobutyl-3 (R or S )-( 3-phenylpropyl ) - 
succinyl]-N e -acetimidoyl-L-lysine N- ( 2-hydroxyethyl )amide - 1 
acetate (Compound No. 36) 

a ) N 3 - [ 4-tert-Butoxy-2 ( R ) -isobutyl-3 ( RS ) - ( 3-phenylpropyl ) - 
succinyl ]-N e -2-chlorobenzyloxycarbonyl-L-lysine N-( 2-benzyloxy- 

ethyl) amide (Compound No. 3 6 -a) 

The procedure of Preparation Example 22-a was repeated 
using Compound No. 15 and Compound No. 16 to provide the title 
compound as a colorless waxy material (yield 88%). 

^-H-NMR (CDC1 3 )<5 ppm; 0.84 (6H, m, CH (CH 3 ) 2 ), 1.2-1.9 (22H, m, 

(CH 2 ) 3 -CH 2 -NH + (CH 2 ) 2 -CH 2 -Ph + C (CH 3 >3 + CH 2 CH ( CH 3 ) a ) , 2.3-2.7 

(4H, m, CH-CO x 2 + CH 2 -Ph), 3.15 (2H, m, CH.-NH), 3.4-3.6 (4H, 
m, NH- CH 2 -CH 2 -Q), 4.36 <1H, m, NH-CH-CO), 4.51 (2H, m, O-CH.-Ph) 

4.91 (1H, m, NH), 5.21 (3H, s + m, -C( =0)0-CH»-C.H« ) , 6.44 (1H, 

m, NH), 7.0-7.5 (14H, m, aromatic-H) . 

b ) N a - [ 4- ( Benzy loxyamino ) -2 ( R ) -isobutyl-3 ( RS ) - ( 3-phenylpropyl ) 
succinyl ]-N e -2-chlorobenzyloxycarbonyl-L-lysine N-( 2-benzyloxy- 

ethyl) amide (Compound No. 36-b) 

The procedure of Preparation Example 23-b was repeated 
using Compound No. 36-a (3.83 g, 4.92 mmol ) to provide the 
title compound as a white solid (yield 69%), m.p.; 158-165°C, 
Rf value; 0.67 (chloroform:methanol= 10:1). 

^-H-NMR (CDC1 3 )5 ppm; 0.7-0.9 (6H, m, CH (CH 3 ) 2 ), 1-09 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.9 (12H, m, ( CH 2 ) 3 -CH 2 -NH + ( CH 2 ) 2 -CH 2 -Ph + 
CH.CHICH.).), 2.22 (1H, m, CH-CO), 2.4-2.7 (3H, m, CH-CO + 
CH.-Ph), 3.12 (2H, m, CH 2 -NH), 3.2-3.6 (4H, m, NH-CH 2 -CH 2 -Q) , 
4.4-4.5 (3H, m, CH 2 -Q-CH 2 -Ph + NH-CH-CO), 4.8-4.9 (2H, m, 
NH-Q-CH 2 -Ph), 5.1-5.2 (3H, m, NH + -C ( =0 lO-CH.-CeH, ) , 6.9-7.3 
(22H, m, aromatic-H + NH x 3). 

c ) N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isobutyl-3 ( RS ) - ( 3-phenylpropyl ) - 
succinyl ]-L-lysine N-2-benzyloxyethylamide • 1 acetate (Compound 
No. 36-c) 

To a solution of Compound No. 36-b (2.60 g, 3.10 mmol) in 



acetic acid (30 ml) was added 5% palladium on carbon (50% wet 
catalyst, 1.5 g), and the mixture was vigorously stirred under 
hydrogen atmosphere for 2.5 hours at room temperature. 
The catalyst was filtered off and then acetic acid was 
evaporated under reduced pressure. E^O (50 ml) was added 
to the resulting residue to precipitate crystals which were 
collected by filtration, yielding the title compound as white 
crystals (1.44 g, 86%) . 

^-H-NMR (CDC1 3 + CD 3 OD)<5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ), 
1.0-1.2 (1H, m, CH(CH 3 ) 2 ), 1.2-1.95 (12H, m, ( CH 2 ) 3 -CH 2 -NH + 
(CH 2 ) 2 -CH 2 -Ph + CH 2 CH(CH 3 ) 2 ), 1.98 (3H, s, CHaC0 2 H) , 2.18 (1H, 
m, CH-CO), 2.57 (3H, m, CH-CO + CH^-Ph), 2.90 (2H, m, CH. -NH ) , 
3.2-3.4 and 3.63 (4H, m, NH- CH 2 -CH 2 -Q) , 4.32 (1H, m, NH-CH-CO), 
7.0-7.3 (5H, m, aromatic-H). 

d) N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 3-phenyl- 
propyl ) succinyl ] -N e -acetimidoy 1-L-lysine N- ( 2 -hydroxy ethyl ) - 
amide • 1 acetate (Compound No. 36) 

Compound No. 36-c (1.31 g, 2.43 mmol) was dissolved in 
DMF (50 ml), and cooled to 0°C, followed by addition of TEA 
(1.10 ml, 7.86 mmol) and ethyl acetimidate hydrochloride 
(360 mg, 2.92 mmol). The reaction mixture was stirred for 30 
minutes at 0°C, and then evaporated. This reaction mixture was 
purified by column reversed phase chromatography (50 g of 
Chromatorex ODS-1012T, Fuji Silysia Chemical, Japan; eluted 
with a gradient of 0.1 to 7% methanol/0.1% aqueous acetic 
acid), and then lyophilized to give the title compound as 
a white solid (881 mg, 63%), ra.p.; 118-121°C, Rf value; 0.22 
(chloroform:methanol:acetic acid= 5:2:1), 0.48 (n-BuOH:AcOH: 

water= 4:1:1), FABMS (M + +1): 520. 

^H-NMR (CD 3 OD)<5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ), 1.05 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.8 (12H, tn, CHa-CH(CH,) a + ( CH 2 ) 3 -CH 2 -NH + 
CH 2 -CH 2 -CH 2 -Ph), 1.89 (3H, S, CH 3 CQ 2 H), 2.23 (3H, s, C-CH3 ) , 
2.4-2.6 (4H, m, CH*-Ph + CH-CO x 2), 3.1-3.3 (m, NH-C1H 2 -CH 2 -0H 
CH 2 -NH), 3.58 (2H, m, CH 2 -OH), 4.30 (1H, m, NH-CH-CO), 7.1-7.3 
(5H, m, aromatic-H). 
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Preparation Example 37 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S )-methylsuccinyl ] - 
L-ornithine N-cyclopropylamide • 1 acetate (Compound No. 37) 

. d 

a) N a -[4-tert-Butoxy-2(R)-isobutyl-3(RS) -methylsuccinyl ]-N - 
benzyloxycarbonyl-L-ornithine N-methylamide (Compound No. 37-a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 8 and Compound No. 18 to provide 
the title compound as a colorless oil (yield 54%). 

1 H-NMR (CDCl 3 )5 ppm; 0.48 (2H, m, CH* of cyclopropyl ) , 0.7-0.9 
(8H, m, CHa of cyclopropyl + CH (CH 3 ) 2 ), 1.0-1.2 (4H, m, CH(CH 3 ) 2 
+ CO-CH-CH 3 ), 1.3-1.9 (15H, m, CH 2 -CH(CH 3 ) 2 + ( CH 2 ) 2 -CH 2 -NH + 



C(CH 3 ) 3 ), 2.4-2.7 (3H, m, CH of cyclopropyl + CH-CO x 2), 
3.2-3.4 (2H, m, CH 2 -NH), 4.31 (1H, m, NH-CH-CO), 5.07 (2H, S, 
Q-CH 2 -Ph), 6.4-6.7 (1H, m, NH), 7.0-7.2 (2H, m, NH x 2), 
7.2-7.5 (5H, m, aromatic-H). 

b) N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methylsuccinyl ] 
L-ornithine N-cyclopropylamide- 1 acetate 

The procedures of Preparation Examples 23-b and c were 
repeated using Compound No. 37-a to provide the title compound 
as a white solid (overall yield 35%), m.p.; 185-192°C, Rf value; 
0.16 (chloroform:methanol:acetic acid= 5:2:1), 0.46 (n-BuOH: 
AcOH:water= 4:1:1), FABMS (M +1): 357. 

*H-NMR (CD 3 OD)S ppm; 0.45 (2H, m, CH* of cyclopropyl), 0.7-0.9 
(8H, m, CHa of cyclopropyl + CH (CH 3 ) 2 ), 1.0-1.2 (4H, m, CH(CH 3 ) 2 
+ CO-CH-CH 3 ), 1.3-1.7 (6H, m, CH 2 -CH(CH 3 ) 2 + ( CH 2 ) 2 -CH 2 -NH ) , 
1.89 (3H, m, CH 3 CQ 2 H), 2.4-2.7 (3H, m, CH of cyclopropyl + 
CH-CO x 2), 2.86 (2H, m, CH 2 -NH) , 4.26 (1H, m, NH-CH-CO). 

Preparation Example 38 
N 3 - [ 4- (Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methylsuccinyl ] - 
L-lysine N-methylamide- 1 acetate (Compound No. 38) 

The procedures of Preparation Examples 36-b and c were 
repeated using Compound No. 22-b to provide the title compound 
as a white solid (overall yield 48%), m.p.; 173-177°C, Rf value; 
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0.14 ( chloroform :methanol: acetic acid= 5:2:1), 0.42 (n-BuOH: 
AcOH:water= 4:1:1) , FABMS ( M +1): 345. 

1 H-NMR (CD 3 OD)5 ppm; 0.7-0.9 (6H, m, CH (CH 3 ) 2 ), 1.02 (4H, m, 
CH(CH 3 ) 2 + CO-CH-CH3), 1.3-1.7 (8H, m, CH»-CH(CH 3 ) a + 
7^H 2 ) 3 -CH 2 -NH 2 ), 1.87 (3H. m, CH^CO.H), 2.21 and 2.54 ( 1H each, 
m, CH-CO x 2), 2.68 (3H, s, NH-CHa ) , 2.85 (2H, m, CH.-NH. ) , 
4.25 (1H, m, NH-CH-CO). 

Preparation Example 39 
N a - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methy lsucciny 1 ] -N 6 - 
acetimidoyl-L- lysine N-[ 2-hydroxy-l(RS ) -methy lethyl ] amide • 
1 acetate (Compound No. 39) 

a ) N 3 - [ 4-tert-Butoxy-2 ( R ) -isobutyl-3 ( RS ) -methy lsuccinyl ] -N 6 - 
tert-butyloxycarbonyl-L-lysine N- [ 2-hydroxy-l ( RS ) -methylethyl ] - 

amide (Compound No. 39 -a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 6 and Compound No. 18 to provide 
the title compound as a colorless oil (yield 71%). 

^H-NMR (CDC1 3 )5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.2 (7H, 
m, CH(CH 3 ) 2 + CH-CH 3 x 2), 1.3-2.0 (26H, s x 2 + m, C(CH 3 )3 x 2 
+ 'cHa-CH(CH,) a ♦ (CH 2 ) 3 -CH 2 -NH), 2.4-2.6 (2H, m, CH-CO x 2), 
3.08 (2H, m, CH.-NH), 3.4-3.6 (3H, m, NH-CH 2 -CH 2 -OH ) , 4.04 (1H, 
m, NH-CH-CO), 4.43 (1H, m, OH), 4.85 (1H, m, NH) , 6.8-7.1 (2H, 
m, NH x 2) . 

b) N a -[4-( Hydroxyamino) -2 (R) -isobutyl-3 (RS) -methy lsuccinyl ]-N C 
acetimidoyl-L-lysine N-[ 2-hydroxy-l (RS ) -methylethyl ] amide • 
1 acetate (Compound No. 39) 

To Compound No. 39-a (8.50 g, 16.0 mmol ) was added 
ice-cooled 95% trif luoroacetic acid (containing 5% water, 
70 ml) and the mixture was stirred for 30 minutes at 5°C, 
and for another 1 hour at room temperature, and concentrated 
under reduced pressure, followed by addition of Et 2 0. 
The mixture was stirred for 1 hour at room temperature to 
precipitate solid products which were collected by filtration, 
and dried, yielding a white solid carboxylic acid compound 
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(6.01 g, 79%) . 

This carboxylic acid compound was dissolved in DMF (60 ml), 
and cooled to 0°C. To the cooled solution was added TEA (6.90 
ml, 49.7 mmol) and ethyl acetimidate hydrochloride (2.18 g, 
17.6 mmol), and the mixture was stirred for 30 minutes at room 
temperature, and then re-cooled to 0°C, followed by successive 
addition of HOBT (2.38 g, 17.6 mmol), O-benzylhydroxylamine 
hydrochloride (5.38 g, 3 3.7 mmol), EDC (4.61 g, 24.1 mmol) and 
TEA (4.70 ml, 33.7 mmol). The mixture was stirred for 15 hours 
at room temperature, and then evaporated under reduced pressure. 
The reaction mixture was purified by DIAION HP-20 (Mitsubishi 
Chemical Corporation, Japan; 500 ml, eluted with 10 to 100% 
aqueous methanol) and column chromatography (silica gel; 150 g, 
eluted with a mixture of chloroform : methanol : acetic acid= 
5:2:1 and a mixture of methanol : acetic acid= 1:1). The 
pertinent fractions were pooled, and concentrated under reduced 
pressure. The resulting residue was dissolved in acetic acid 
(100 ml), followed by addition of 5% palladium on carbon (50% 
wet catalyst, 3.0 g). The mixture was vigorously stirred under 
hydrogen atmosphere for 1.5 hours at room temperature. 
The catalyst was filtered off and then acetic acid was 
evaporated under reduced pressure. The resultant residue 
was dissolved in water, and lyophilized to give the title 
compound as a white solid (2.55 g, 32%), m.p.; 118-127°C, Rf 
value; 0.13 ( chloroform :methanol : acetic acid= 5 : 2 : 1 ) , 0.39 
(n-BuOH:AcOH: water = 4:1:1), FABMS (M +1): 430. 

^•H-NMR (CD 3 OD)<5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.2 (7H, 
m, CH(CH 3 ) 2 + CH-CH 3 x 2), 1.2-2.0 (11H, s + m, CH.-CHlCHa), + 
(Ch7)3 -CH 2 -NH + CH 3 CQ 2 H) , 2.20 (3H, s, C-CH 3 ) , 2.57 (2H, m, 
CH-CO x 2), 3.2-3.5 (m, CH 2 -NH 2 + NH- CH 2 -CH 2 -OH ) , 3.91 <1H, m, 
NH-CH-CO) . 
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Preparation Example 40 



e 



N 3 - [ 4- (Hydroxyamino ) -2 ( R ) -isobutyl-3 ( RS ) -methylsuccinyl ] -N - 
acetimidoyl-L-lysine N- ( piperidin-l-yl ) amide • 1 acetate 
(Compound No. 40) 



e 



a) N a -[4-tert-Butoxy-2(R)-isobutyl-3(RS)-methylsuccinyl]-N - 
tert-butyloxycarbonyl-L-lysine N- (piperidin-l-yl )amide 

(Compound No. 40 -a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 4 and Compound No. 18 to provide 
the title compound as a pale yellow oil (yield 71%). 

X H-NMR (CDC1 3 )5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.2 (4H, 
m, CH(CH 3 ) 2 + CO-CH-CH3 ) , 1.3-1.9 (32H, s x 2 + m, C(CH 3 ) 3 x 2 + 
CH 2 -CH(CH 3 ) 2 + (CH 2 ) 3 -CH 2 -NH + - (CH 2 ) 3 - of piperidine), 2.4-2.6 
(2H, m, CH-CO x 2), 2.6-3.1 (6H, m, CH 2 -N-CH 2 + CH^-NHa ) , 4.28 
\,l (1H# m> NH-CH-CO), 5.13 (1H, m, NH), 6.41 and 6.57 (2H, m, 

NH x 2 ) . 



\ b ) N a - [ 4- ( Hydroxyamino ) -2 ( R ) -isobutyl-3 ( RS ) -methylsuccinyl ] -N 

E5 acetimidoyl-L-lysine N- ( piperidin-l-yl )amide • 1 acetate 

|;* (Compound No. 40) 

The procedure of Preparation Example 39-b was repeated 
using Compound No. 40-a(3.80 g, 6.85 mmol ) to provide the 
title compound as a white solid (overall yield 16%), m.p. ; 
155-162°C, Rf value; 0.21 ( chloroform: methanol : acetic acid= 
5:2:1), 0.48 (n-BuOH: AcOH: water = 4:1:1), FABMS (M +1): 455. 

^H-NMR (CD 3 OD)<5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.1 (4H, 
m, CH(CH 3 ) 2 + CO-CH-CH 3 ) , 1.3-2.0 (17H, s + m, CH 2 -CH(CH 3 ) 2 + 
(Ch77 3 -CH 2 -NH + - (CH 2 ) 3 - of piperidine + CH 3 CQ 2 H), 2.0-2.3 (5H, 
m , CH-CO x 2 + C-CH3), 2.3-2.7 (4H, m, CH.-N-CH. ) , 3.1-3.3 (2H, 
m, CH 2 -NH), 4.21 (1H, m, NH-CH-CO). 



Preparation Example 41 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methylsuccinyl ] - 
4 , -acetimidoyliminomethyl-L-phenylalanine N-methylamide • 
1 acetate (Compound No. 41) 

The procedures of Preparation Examples 22-c, d and e were 
repeated using Compound No. 23-a to provide the title compound 
as a white solid (overall yield 10%), m.p.; 144-151°C, Rf value; 
0.15 (chloroform: methanol : acetic acid= 5:2:1) , 0.46 (n-BuOH: 
AcOH:water= 4:1:1), FABMS (M + +1): 434. 

X H-NMR (CD 3 OD)5 ppm; 0.6-0.9 (9H, m, CH (CH 3 ) 2 + CO-CH-CH3 ) , 
1.0-1.1 (1H, m, CH(CH 3 ) 2 ), 1.3-1.6 (2H, m, CH 2 -CH(CH 3 ) 2 ) , 1.90 
(3H, s, CH 3 CQ 2 H) , 2.09 (1H, m, CH-CO), 2.25 (3H, s, C-CIU ) , 
2.47 (1H, m, CH-CO), 2.70 (3H, m, NH-CH 3 ) , 2.92 and 3.07 (2H, m, 
C 6 H 4 -CH 2 ), 4.41 (2H, S, C 6 H 4 -CH 2 -NH) , 4.64 (1H, m, NH-CH-CO), 
7.2-7.4 (4H, m, aromatic-H). 

Preparation Example 42 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methylsuccinyl ] - 
4 ' -acetimidoyliminomethyl-L-phenylalanine N- ( morpholin-4-yl ) - 
amide • 1 acetate (Compound No. 42) 

a ) N a - [ 4-tert-Butoxy-2 ( R ) -isobuty 1-3 ( RS ) -methylsuccinyl ] - 
L-4'-cyanophenylalanine N-(morpholin-4-yl ) amide (Compound No. 
42-a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 2 and Compound No. 18 to provide 
the title compound as a white solid (yield 64%). 

^H-NMR (CDC1 3 )<5 ppm; 0.7-0.9 (6H, m, CH (CH 3 ) 2 ) , 0.9-1.2 (3H, 
m, CO-CH-CH 3 ) , 1.3-1.7 (12H, s + m, C (CH 3 ) 3 + CH 2 -CH ( CH 3 ) 2 ) , 
2.3-2.6 (2H, m, CH-CO x 2), 2.6-2.8 (4H, m, CH 2 -N-CH 2 ) , 2.9-3.3 
(2H, m, C 6 H 4 -CH 2 ), 3.77 (4H, m, CH 2 -Q-CH 2 ) , 4.62 (1H, m, 
NH-CH-CO), 6.47 (2H, m, NH x 2), 7.3-7.6 (4H, m, aromatic-H). 



-113- 



b) N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methylsuccinyl ] - 
4 --acetimidoyliminomethyl-L-phenylalanine N- ( morpholin-4-yl ) - 

amide • 1 acetate (Compound No. 42) 

The procedures of Preparation Examples 22-c, d and e were 
repeated using Compound No. 42-a to provide the title compound 
as amorphous white powders (overall yield 10%). 
FABMS (M + +1): 505 

-H-NMR (CD 3 OD)5 ppm; 0.7-0.9 <6H, m, CH (CH 3 ) 2 ), 0.9-1.2 (4H, 
m CH(CH 3 ) 2 + CO-CH-CH3), 1.3-1.7 (2H, m, CH.-CH ( CH 3 ) 2 ) , 1.90 
(3h7s, CH3CO.H), 2.25 (3H, s, C-CH.) . 2.5-2.8 (6H, m, CH-CO x 2 
+ CH.-N-CH.), 2.9-3.1 (2H, m, C.H.-CH,) , 3.75 (4H, m, CH.-0-CH. ) , 
4.02 (2H, m, NH-CH. ) , 4.52 (1H, m f NH-CH-CO), 7.1-7.3 (4H, m, 
aromatic-H ) • 



Preparation Example 43 
N a - [ 4 - ( Hydroxyamino ) -2 ( R ) -isobuty 1 -3 ( S ) -hydroxysucciny 1 ] -4 ' - 
acetimidoyliminomethyl-L-phenylalanine N-methy lamide • 1 acetate 
( Compound No . 43) 

a ) N a - [ 3 ( S ) -Hydroxy-2 ( R ) -isobuty 1-4-methoxysuccinyl ] -L-4 ' - 
cyanophenylalanine N-methy lamide (Compound No. 43-a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 5 and Compound No. 21. The 
resultant product was re-solidified from chlorof orm-n-hexane to 
provide the title compound as a white solid (1.36 g, 50%). 

X H-NMR (CDCl 3 )<5 ppm; 0.7-1.1 <6H 7 m, CH (CH 3 ) 2 ) , 1.0-1.6 (3H, 
m, CH 2 -CH (CH 3 ) 2 ), 2.4-3.5 (6H, d + m, J = 4.8Hz, NH-CH 3 + CH-CO 
+ CH2-C 6 H 4 ), 3.80 (3H, S, OCH 3 ) , 4.24 <1H, m, NH-CH-CO), 
4.4-4.7 <1H, m, HO-CH-CO), 6.35 (1H, m, NH ) , 6.76 (1H, m, OH), 
7.4-7.6 (5H, m, aromatic-H + NH). 

b ) N a - [ 4 , 3 ( S ) -Dihydroxy-2 ( R ) -isobuty lsucciny 1 ] -L-4 ' -cyano- 
phenylalanine N-methylamide (Compound No. 43-b) 

To a solution of Compound No. 43-a (1.95 g, 5.0 mmol ) in 

methanol (20 ml) was added 2N aqueous sodium hydroxide (10 ml, 

20 mmol) with stirring at 0°C, and the mixture was stirred for 

2 hours. After methanol was evaporated under reduced 

pressure, the reaction solution was adjusted with 6N 

hydrochloric acid to pH 2 . The target product was extracted 

with AcOEt (10 ml x 2), and washed with saturated aqueous 

sodium chloride. The organic layer was dried over anhydrous 

MgSO , and evaporated under reduced pressure. The resulting 
4 

residue was purified by column chromatography (silica gel; 30 g 
eluted with a mixture of chloroform: methanol^ 5:1 to 2:1) to 
give the title compound as a white solid (1.61 g, 86%), m.p.; 
172-173°C, Rf value; 0.52 ( chlorof orm : methanol : acetic acid= 
5:2:1) . 

X H-NMR (CD 3 OD)£ppm; 0.79 (6H, m, CH (CH 3 ) 2 ) , 1.0-1.3 (1H, m, 
CH(CH 3 ) 2 ), 1.5-1.6 (2H, m, CH 2 -CH ( CH 3 ) 2 ) , 2.6-2.8 (4H, s + m, 
NH- CH 3 + CH-CO), 3.01 and 3.33 (m, C 6 H 4 - CH 2 ) , 4.14 (1H, d, 
NH-CH-CO), 4.65 (1H, m, J=5.4Hz, HO-CH-CO), 7.4-7.6 (4H, m, 



— 1 1 5 — 

aromatic-H ) . 

c ) N a - [ 4 , 3 { S ) -Dihydroxy-2 ( R ) -isobuty lsucciny 1 ] -4 ' -aminomethy 1- 
L-phenylalanine N-methylamide ♦ 1 hydrochloride (Compound No. 
43-c) 

To a solution of Compound No. 43-b (500 mg, 1.33mmol) in 
a mixture of DMF (10 ml) and cone, hydrochloric acid (550 u 1, 
6.66 mmol) was added 5% palladium on carbon (50% wet catalyst, 
500 mg), and the mixture was vigorously stirred under 
hydrogen atmosphere for 15 hours at room temperature. 
The catalyst was filtered off and then DMF was evaporated 
under reduced pressure. To the residue was added AcOEt 
to solidify a product which was collected by filtration to give 
the title compound as a white solid (479 mg, 82%). 

^H-NMR (D 2 0)<5 ppm; 0.64 (6H, rn, CH (CH 3 ) 2 ) , 0.9-1.4 (3H, m, 
CH 2 -CH (CH 3 ) 2 ), 2.4-2.6 (4H, s + m, NH-CH 3 + CH-CO), 2.89 and 
3.05 (1H each, m, C 6 H 4 -CH 2 ), 4.01 (2H, s, CH 2 -NH 2 ), 4.4-4.7 
(2H, m, HO-CH-CO + NH-CH-CO) , 7.1-7.3 (4H, m, aromatic-H). 

d ) N a - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( S ) -hydroxysucciny 1 ] - 
4 1 -acetimidoyliminomethyl-L-phenylalanine N-methylamide • 
1 acetate (Compound No. 43) 

Compound No. 43-c (330 mg , 0.79 mmol) was dissolved in 
DMF (10 ml), and cooled to 0°C, followed by addition of TEA 
(342// 1, 2.45 mmol) and ethyl acetimidate hydrochloride 
(110 mg, 0.87 mmol). The mixture was stirred for 30 minutes at 
0°C and for another 30 minutes at room temperature, to which 
was HOBT (120 mg, 0.87 mmol), O-benzylhydroxy lamine 
hydrochloride (260 mg, 1.66 mmol), EDC (230 mg, 1.19 mmol) and 
TEA (230// 1, 1.66 mmol) successively at 0°C. The resultant 
mixture was stirred for 2 hours at 4°C, and then evaporated 
under reduced pressure. The residue was purified by column 
chromatography (silica gel; 20 g, eluted with from a mixture 
of chloroform:methanol :acetic acid= 80:10:5 to a mixture of 
methanol : acetic acid= 1:1). 

The purified product was dissolved in acetic acid (20 ml), 
followed by addition of 5% palladium on carbon (50% wet 
catalyst, 300 mg ) . The mixture was vigorously stirred under 
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hydrogen atmosphere for 2 hours at room temperature. 

The catalyst was filtered off and then acetic acid was 

evaporated under reduced pressure. AcOEt (20 ml) was added 

to the residue, leading to precipitation of solids. 

The resulting solid was collected by filtration to give the 

title compound as a white solid (250 mg, 64%), Rf value; 0.16 

(chloroform:methanol:acetic acid = 5:2:1), 0.50 (n-BuOH:AcOH: 

water= 4:1:1), FABMS (M +1): 436. 

3-H-NMR (CD 3 0D)5 ppm; 0.83 (6H, m, CH (CH 3 ) 2 ), 1.1-1.6 (3H, m, 
CH 2 -CH (CH 3 ) 2 ), 1.97 (3H, s, CH 3 CQ 2 H), 2.25 ( 3H , S, C-CH, > , 
2.6-2.8 (4H, s + m, NH-CH 3 + CH-CO), 2.9-3.3 (2H, m, C s H«-CHa> , 
4.03 (2H, s, CH.-NH), 4.4-4.6 (2H, m, NH-CH-CO + HO-CH-CO) , 
7.28 (4H, m, aromatic-H). 

Preparation Example 44 
N a _ [ 4 - (Hydroxyamino ) -2 (R ) -isobuty 1-3 ( RS ) - ( 3-phenylpropyl ) - 
succinyl]-N e -acetimidoyl-L-lysine N- ( 2-N • ,N' -dimethylaminoethy 1 )- 
amide • 2 acetate (Compound No. 44) 

a ) N a - [ 4-tert-Butoxy-2 (R ) -isobutyl-3 (RS ) - ( 3-phenylpropyl ) - 
succinyl]-N e -tert-butyloxycarbonyl-L-lysine N- ( 2-N ' , N ' -dimethyl - 

aminoethyDamide (Compound No. 44-a) 

The procedure of Preparation Example 31-a was repeated 

using Compound No. 3 and Compound No. 16 to provide the title 

compound as a white solid (yield 69%), m.p.; 102-105°C, Rf 

value; 0.38 ( chlorof orm:methanol= 10 : 1 ) . 

*H-NMR (CDCl 3 )«5 ppm; 0.86 (6H, m, CH (CH 3 ) 2 ), 1.2-1.9 (31H, m, 
(CH 2 ) 3 -CH 2 -NH + (CH 2 ) 2 -CH 2 -Ph + C (CH 3 ) 3 x 2 + CH 2 CH ( CH 3 ) 2 ) , 2.22 
(6H, S x 2, N-CH. x 2), 2.3-2.7 (6H, m, CH-CO x 2 + CH.-Ph + 
CHa-N(CH 3 ) 2 ), 3.09 (2H, m, NH-CH 2 -CH 2 -N ) , 3.32 (2H, m, 
OC^ONH-CH.), 4.38 (1H, m, NH-CH-CO), 4.65 (1H, m, NH ) , 6.42 
and 6.55 ( 1H each, m, NH x 2), 7.1-7.3 (5H, m, aromatic-H). 



b ) N 3 - [ 4- { Hydroxyamino ) -2 ( R ) -isobuty 1-3 { RS ) - ( 3-phenylpropyl ) - 
succinyl]-N e -acetimidoyl-L-lysine N- ( 2-N • ,N ' -dimethylaminoethy 1 
amide • 2 acetate (Compound No. 44) 

The procedure of Preparation Example 39-b was repeated 



using Compound No. 44-a (2.21 g, 3.41 mmol ) to provide the 
title compound as amorphous white powders (overall yield 12%), 
m.p.; 95-101°C, Rf value; 0.082 ( chloroform: methanol : acetic 
acid= 5:2:1), 0.14 { n-BuOH : AcOH : water= 4 : 1 : 1 ) , FABMS (M +2): 
548. 

^-H-NMR (CD 3 OD)<5 ppm; 0.87 (6H, m, CH (CH 3 ) 2 ) , 1.2-1.9 (13H, m, 
(CH 2 ) 3 -CH 2 -NH + (CH 2 ) 2 -CH 2 -Ph + CH 2 CH ( CH 3 ) 2 ) , 1.95 (6H, s x 2, 
CH.CO.H x 2), 2.21 (3H, S, C-CH. ) , 2.4-2.7 (4H, m, CH-CO X 2 + 
CH^-Ph), 2.92 and 2.95 (6H, s each, N-CjU x 2), 3.2-3.4 (4H, m, 
^CH 2 -CH 2 -N), 3.5-3.7 (2H, m, NH-CH. ) , 4.15 (1H, m, NH-CH-CO), 
7.1-7.3 (5H, m, aromatic-H). 

Preparation Example 4 5 
N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) -methy lsucciny 1 ] -N - 
propionimi.doyl-L- lysine N-methylamide ■ 1 acetate (Compound No. 
45) 

The procedures of Preparation Examples 22-c, d and e 
except that ethyl acetimidate hydrochloride was replaced with 
ethyl propionimidate hydrochloride were repeated using Compound 
No. 22-b to provide the title compound as a white solid 
(overall yield 42%), m.p.; 113-119°C, Rf value; 0.15 
(chloroform: methanol: acetic acid= 5:2:1), 0.47 ( n-BuOH : AcOH : 

water= 4:1:1), FABMS (M + +1): 400. 

X H— NMR (CD 3 OD)5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ), 1.0-1.1 (4H, 
m, CO-CH-CH3 + CH(CH 3 ) 2 ), 1.27 (3H, m, CH 2 -CH3 ) , 1.3-1.9 (8H, m, 
CH 2 -CH(CH 3 ) 2 + (CH 2 ) 3 -CH 2 -NH), 1.94 (3H, S, CH^CO.H), 2.2-2.6 
74H, m, CH 2 -CH 3 + CH-CO x 2), 2.70 (3H, m, NH-CH. ) , 3.21 (2H, m, 
CHa-NH), 4.30 (1H, m, NH-CH-CO). 

Preparation Example 46 
N a - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) - [ 3- ( 4 1 -guanidino- 
phenyl)propyl]succinyl]-L-ornithine-N-methylamide • 2 acetate 

( Compound No . 46) 

a) N a -[4-tert-Butoxy-2(R)-isobutyl-3(RS)-[3-[p-(N 1 ,N 2 -dibenzyl- 
oxycarbony lguanidino ) phenyl Ipropyl ] succiny 1 ] -N -benzy loxy- 



carbonyl-L-lysine N-methylamide (Compound No. 46-a) 

The procedures of Preparation Examples 22-a and b were 
repeated using Compound No. 7 and Compound No. 20 to provide 
the title compound as a colorless oil (yield 93%). 

*H-NMR (CDCl 3 )«5 ppm; 0.86 (6H, m, CH (CH 3 ) 2 ), 1.0-1.9 (20H, s + 
m, (CH 2 ) 2 -CH 2 -NH + ( CH 2 ) 2 -CH 2 -C 6 H. + C (CH 3 )3 + CH 2 CH ( CH 3 ) a ) , 
2.2-2.8 (7H, m, CH 2 -C 6 H. + CH-CO x 2 + NH-CH, ) , 2.9-3.5 (2H, m, 
CH 2 -NH), 4.47 (1H, m, NH-CH-CO), 5.0-5.3 (6H, m, CH,-Ph x 3), 
174-6.7 (2H, m, NH x 2), 7.0-7.2 (2H, m, NH x 2), 7.2-7.5 (16H, 
m, aromatic-H + NH). 

b ) N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( RS ) - [ 3- ( 4 1 -guanidino- 
phenyl) propyl ] succinyl ] -L-ornithine-N-methylamide • 2 acetate 

(Compound No. 46) 

The procedures of Preparation Examples 23-b and c were 
repeated using Compound No. 46-a to provide the title compound 
as amorphous white powders (overall yield 25%), Rf value; 0.04 
(chloroform methanol: acetic acid= 5:2:1), 0.34 ( n-BuOH : AcOH : 

water = 4:1:1), FABMS (M + +1): 492. 

*-H-NMR (CD 3 OD)<5 ppm; 0.86 (6H, m, CH (CH 3 ) 2 ), 1.0-1.8 (11H, m, 
(CH 2 ) 2 -CH 2 -NH 2 + (CH 2 ) 2 -CH 2 -C 6 H, + CH 2 CH ( CH 3 ) 2 ) , 1.89 (6H, s x 2 
CH 3 CQ 2 H), 2.17 (1H, m, CH-CO), 2.5-2.9 (8H, s + m, CH,-C S H« + 
CH 2 -NH + CH-CO + NH-CH 3 ), 4.28 (1H, m, NH-CH-CO), 7.1-7.3 (4H, 
m, aromatic-H). 

Preparation Example 47 
N 3 -[ 4- (Hydroxyamino) -2 (R) -isobuty 1-3 (R or S ) - ( 3-phenylpropyl ) 
succinyl] -4 • -aminomethyl-L-phenylalanine N-methylamide • 
1 acetate 

The procedure of Preparation Example 23 was repeated using 
Compound No. 5 and Compound No. 16 to provide the title 
compound as a white solid. 
FABMS (M + +1):497. 

*H-NMR (CD 3 OD)<5 ppm; 0.8-1.1 (7H, m, CH(CH 3 ) 2 ), 1.3-1.6 (6H, 
m, CH- (CH 2 ) 2 + CH 2 -CH(CH 3 ) 2 ), 1.89 (3H, S, CH.CO.H ) , 2.10 (1H, 
m, CH-CO), 2.3-2.5 (3H, m, CH^-Ph + CH-CO), 2.63 (3H, s, 
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NH -CH 3 ), 2.8-3.1 (2H, m, C.H.-CHa) , 3.93 (2H, m, CH,-NH a ) , 
4.58 (1H, m, NH-CH-CO), 7.0-7.4 (9H, m, aromatic-H). 

Preparation Example 48 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( p-aminome 
benzyl ) succinyl ] -L-ornithine N-methylamide • 2 acetate 



The procedure of Preparation Example 23 was repeated using 
4- ( p-benzy loxycarbony laminomethy lphenyl ) -3 ( RS ) -tert-buty loxy- 
carbonyl-2(R)-isobutylbutanoic acid and Compound No. 7 to 
provide the title compound as a white solid. 
FABMS (M + ): 436. 

^-H-NMR (CD 3 0D)<5 ppm; 0.7-1.0 (6H, m, CH (CH 3 ) 2 ) , 1.08 (1H, m, 
CH(CH 3 ) 2 ), 1.3-1.9 (6H, m, CH- ( CH 2 ) 2 + CH 2 -CH( CH 3 ) 2 ) , 1.84 (6H, 
17 CH 3 CQ 2 HX 2), 2.41 (1H, m, CH-CO), 2.5-3.0 (8H, m, NH-CH. + 
CH 2 -NH 2 + CH-CO + C^-CH,), 3.95(2H, m, C e H 4 -CH 2 -NH 2 ) , 4.34 
TlH, m, NH-CH-CO), 7.1-7.4 (4H, m, aromatic-H). 

Preparation Example 49 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( p-aminomethy 1- 
benzyl) succinyl] -4 • -aminomethyl-L-phenylalanine N-methylamide • 
2 acetate 

The procedure of Preparation Example 23 was repeated using 
4- (p-benzyloxycarbonylaminomethylphenyl ) -3 (RS ) -tert-buty loxy- 
carbonyl-2(R)-isobutylbutanoic acid and Compound No. 5 to 
provide the title compound as a white solid. 
FABMS (M + +1): 498. 

^-H-NMR (CD 3 OD)<5 ppm; 0.7-0.85 (6H, m, CH (CH 3 ) 2 ), 0.90 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.4 (2H, m, CH 2 -CH( CH 3 ) 2 ) , 1.84 (6H, S, CH^CO^ 
x 2), 2.07 (1H, m, CH-CO), 2.41 (1H, m, CH-CO), 2.64 (3H, m, 
NH-CH 3 ), 2.81 and 3.06 ( 1H each, m, C 6 H 4 -CH 2 ) , 3.2 (m, CeH^-CHa ) , 
3.9I72H, m, CH 2 -NH 2 ), 4.77 (1H, m, NH-CH-CO), 6.84 , 7.05 and 
7.1-7.3 (8H, m, aromatic-H). 



Preparation Example 50 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or s ) - [ p- (p-toluene- 
sulf onamidomethyl ) benzyl ] succinyl ] -L-arginine N-methylamide • 

1 acetate 

The procedure of Preparation Example 23 was repeated using 
4- [ P- ( p-toluenesulf onamidomethyl ) phenyl ] -3 ( RS ) -tert-buty loxy- 
carbonyl-2(R)-isobutylbutanoic acid and Compound No. 9 to 
provide the title compound as a white solid. 
FABMS (M + ): 632. 

^H-NMR (CD 3 OD)<5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ), 1.0-1.1 (1H, 
m, CH(CH 3 ) 2 ), 1.4-1.8 (6H, m, CH- (CH 2 ) 2 + CH^-CH ( CH 3 ) 2 ) , 1.89 
(3H, S, CH 3 CQ 2 H), 2.39 (1H, m, CH-CO), 2.43 (3H, S, C^-CH* ) , 
2.5-2.8 (6H, m, CH-CO + NH-CH 3 + C 6 H«-CH 2 ) , 3.18 (2H, m, 
CH.-NH), 3.93 (2H, s, C 6 H.-CH 2 -NH ) , 4.38 (1H, m, NH-CH-CO), 
7.01 , 7.21 , 7.36 and 7.71 ( 2H each, m, aromatic-H) . 

Preparation Example 51 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or s ) - (p-phthalimido- 
methylbenzyl ) succinyl ] -L-arginine N-methylamide • 1 acetate 

The procedure of Preparation Example 23 was repeated using 
4- ( P -phthalimidomethylphenyl ) -3 ( RS ) -tert-butyloxycarbonyl-2 (R ) - 
isobutylbutanoic acid and Compound No. 9 to provide the title 
compound as a white solid. 
FABMS (M + ): 608. 

1 H— NMR (CD 3 OD)5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ), 1.06 (1H, m, 
CH(CH 3 ) 2 ), 1.4-1.85 (6H, m, CH- (CH 2 ) 2 * CH.-CH ( CH 3 ) 2 ) , 1-90 
TIh, s, CH.CO.H), 2.39 (1H, m, CH-CO), 2.5-2.8 (6H, m, CH-CO + 
NH-CH. + C.H.-CHa), 3.16 (2H, m, CH.-NH), 4.39 (1H, m, NH-CH-CO), 
4.75 (2H, s, C 6 H 4 -CH=-N), 7.05 and 7.23 ( 2H each, m, 
aromatic-H), 7.7-7.9 (4H, m, aromatic-H). 



P reparation Example 52 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( p-methane- 
sulf onamidomethylbenzy 1 ) succinyl ] -L-arginine N-methy lamide • 



1 acetate 



The procedure of Preparation Example 23 was repeated using 
4-(p-methanesulfonamidomethylphenyl)-3(RS)-tert-butyloxycarbonyl- 

2(R)-isobutylbutanoic acid and Compound No. 9 to provide the 

title compound as a white solid. 

*H-NMR (CD 3 OD)<5 ppm; 0.8-0.95 (6H, m, CH (CH 3 ) 2 ), 1.08 (1H, m, 

CH(CH 3 ) 2 ), 1.4-1.85 (6H, m, CH- (CH 2 ) 2 + CH 2 -CH ( CH 3 ) a ) , 1-89 <3H, 

I7CH.CO.H), 1.96 (3H, s, CH.-SO. ) , 2.41 (1H, m, CH-CO), 2.5-2.8 
(6H, m, CH-CO + NH-CH. + C e H 4 -CH. ) , 3.26 <2H, m, CH.-NH), 4.28 
(2H, s. C 6 H 4 -CH.-NH), 4.39 (1H, m, NH-CH-CO) , 7.05 and 7.14 
(2H each, m, aromatic-H). 

Preparation Example 53 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - (m-aminomethyl- 
benzyl ) succinyl ] -L-alanine N-methy lamide- 1 acetate 

The procedure of Preparation Example 23 was repeated using 
4-(m-benzyloxycarbonylaminomethylphenyl)-3(RS)-tert-butyloxy- 

carbonyl-2(R)-isobutylbutanoic acid and N a -tert-butyloxycarbonyl- 
L-alanine N-methylamide to provide the title compound as a 
white solid. 

FABMS (M + ): 393. 

X H-NMR (CD 3 0D)5 ppm; 0.85-0.95 (6H, m, CH (CH 3 ) 2 ), 1-08 (1H, m, 
CH(CH 3 ) 2 ), 1.36 (3H, d, J =7. 2Hz, CH-CH. ) , 1.4-1.7 (2H, m, 
CH3-CH(CH 3 ) 2 ), 1.91 (3H, s, CH.CO.H), 2.42 (1H, m, CH-CO), 
2.6-2.9 (6H, m, CH-CO + NH-CH 3 + C 6 H«-CH 2 ), 4.03 (2H, s, 
C 6 H 4 -CH 2 -NH 2 ), 4.40 (1H, m, NH-CH-CO), 7.1-7.4 (4H, m, 
aromatic-H ) • 
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Preparation Example 54 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 2-phenoxy- 
ethyl)succinyl]-L-arginine N-methylamide- 1 acetate 

The procedure of Preparation Example 23 was repeated using 
5-phenoxy-3 (RS ) -tert-butyloxycarbonyl-2 ( R ) -isobutylpentanoic 
acid and Compound No. 9 to provide the title compound as a 
white solid. 

FABMS (M + ): 4 79. 

l H-NMR (CD 3 OD)<5 ppm; 0.8-0.95 (6H, m, CH (CH 3 ) 2 ), 1.10 (1H, m, 
CH(CH 3 ) 2 ), 1.4-1.85 (8H, m, CH.-CH.-0 + CH- (CH 2 ) 2 + CH.-CH( CH 3 > =, ) , 
1.89 (3H, s, CH,CO a H), 2.45 (1H, m, CH-CO), 2.65 (1H, m, 
CH-CO), 2.72 (3H, S, NH-CH 3 ), 3.15 (2H, m, CH 2 -NH), 3.8-4.0 
To-CH^), 4.34 (1H, m, NH-CH-CO), 6.88 and 7.23 ( 2H each, m, 
aromatic-H ) . 

Preparation Example 55 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 3-cyclohexy 1- 
propyl)succinyl]-L-arginine N-methylamide • 1 acetate 



U The procedure of Preparation Example 23 was repeated using 

P 5 6-cyclohexyl-3 ( RS ) -tert-butyloxycarbonyl-2 ( R ) -isobutylhexanoic 

acid and Compound No. 9 to provide the title compound as a 



white solid. 

FABMS (M + + 1) : 484. 



^-H-NMR (DMSO-d 6 )<5 ppm; 0.6-1.8 (33H, m, CH 2 -CH(CH 3 ) 2 + 
CH- (CH a ) 3 -CsH X i + CH- (CH 2 ) 2 + CH 3 _C0 2 H ) , 1.99 (1H, m, CH-CO), 
2.49 (1H, m, CH-CO), 2.55 (3H, d, J =4.4Hz, NH-CH^ ) , 3.00 (2H, 
m, CH 2 -NH), 4.20 (1H, m, NH-CH-CO) , 8.05 and 8.23 ( 1H each, m, 
NHX 2 ) . 

Preparation Example 56 
N a -[4-(Hydroxyamino)-2(R)-(2-naphthylmethyl)-3(R or S)-(3- 
phenylpropyl)succinyl]-L-arginine N-methylamide • 1 acetate 

The procedure of Preparation Example 23 was repeated using 
6-phenyl-3(RS)-tert-butyloxycarbonyl-2(R)-(2-naphthylmethyl)- 
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hexanoic acid and Compound No. 9 to provide the title compound 
as a white solid. 

FABMS (M + + 1) : 562. 

^H-NMR (CD 3 OD)<5 ppm; 1.2-1.8 (8H, m, CH- (CH 2 ) 2 * 2), 1.90 (3H, 
s, CH 3 CQ 2 H), 2.3-3.1 (11H, m, CH-CO x 2 + CHa-Ph + CH^-Naphthyl 
+ CH 2 -NH + N-CH 3 ), 4.08 (1H, m, NH-CH-CO), 7.1-7.9 (12H, m, 
aromatic-H ) . 

Preparation Example 57 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( o-aminomethyl- 
benzyl ) succiny 1 ] -L-alanine N-methylamide- 1 acetate 

The procedure of Preparation Example 23 was repeated using 
4-(o-benzyloxycarbonylaminomethylphenyl)-3(RS)-tert-butyloxy- 

carbonyl-2(R)-isobutylbutanoic acid and N a -tert-butyloxycarbonyl- 

L-alanine N-methylamide to provide the title compound as a 

white solid. 

FABMS (M + ): 393. 

X H— NMR (CD 3 OD)<5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ) , 1.09 (1H, m, 
CH(CH 3 ) 2 ), 1.38 (3H, d, J =4.7Hz, CH-CH. ) , 1.60 (2H, m, 
CH 2 -CH(CH 3 ) 2 ), 1.89 <3H, S, CH 3 CQ 2 H), 2.53 (1H, m, CH-CO), 
2765-2.95 (6H, m, CH-CO + NH-CH 3 + C 6 H <> -CH 2 ) , 4.13 (2H, s, 
CH 2 -NH 2 ), 4.42 (1H, m, NH-CH-CO), 7.1-7.4 (4H, m, aromatic-H). 

Preparation Example 58 
N 3 - [ 4 - ( Hyd roxyami no ) - 2 ( R ) - i sobu ty 1 - 3 ( RS ) - [ 3 - ( p-ami nome thy 1 - 
phenyl )propyl ] succiny 1 ] -L-alanine N-methylamide • 1 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( p-benzy loxycarbony laminomethy lpheny 1 ) -3 ( RS ) -tert-butyloxy- 
carbonyl-2(R)-isobutylhexanoic acid and N a -tert-butyloxycarbonyl- 
L-alanine N-methylamide to provide the title compound as a 
white solid. 



FABMS (M + ): 421. 



^-H-NMR (CD 3 OD)5 ppm; 0.7-0.85 (6H, m, CH (CH 3 ) 2 ) , 0.93 (1H, m, 
CH(CH 3 ) 2 ), 1.17 (3H, d, J =7.0Hz, CH-CH. ) , 1.2-1.6 (6H, m, 
CH-(CH 2 ) 2 + CH 2 -CH(CH 3 ) 2 ), 1.80 (3H, S, CH 3 CQ 2 H), 2.06 (1H, m, 
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CH-CO), 2.4-2.55 (3H, m, CH-CO + C 6 H«-CH 2 ) , 2.62 (3H, S, 
NH-CH,), 3.92 <2H, s, CH 2 -NH 2 ), 4.20 (1H, m, NH-CH-CO), 7.11 
and 7.21 ( 2H each, m, aromatic-H ) . 

Preparation Example 59 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( m-isopropyl- 
iminomethy lbenzy 1 ) succinyl ] -L-alanine N-methylamide • 1 acetate 

To a mixture of Compound No. 53 (400 mg, 0.884 mmol), 
acetone (154 mg, 2.65 mmol) and methanol ( 8 ml ) was added 
sodium cyanoborohydride (67 mg, 1.07 mmol) while cooling in an 
ice bath, and the mixture was stirred overnight at room 
temperature. After methanol was evaporated under reduced 
pressure, the residue was dissolved in 5% aqueous acetic acid, 
purified by column reversed phase chromatography (25 g of 
Chromatorex ODS-1020T, Fuji Silysia Chemical, Japan; eluted 
with a gradient of 1% to 5% methanol/0.1% aqueous acetic acid), 
and then lyophilized to give the title compound as a white 
solid . 

FABMS (M + ): 4 35. 

^H-NMR (CD 3 OD)(5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ) , 1-08 (1H, m, 
CH(CH 3 ) 2 ), 1.36 (9H, m, CH-CH 3 + NH-CH ( CH 3 ) 2 ) , 1.55 (2H, m, 
ii CH E -CH(CH 3 ) 2 ), 1.89 (3H, s, CH 3 CQ 2 H), 2.22 (1H, m, CH-CO), 

276-2.9 (6H, m, CH-CO + NH-CH 3 + C 6 H 4 -CH 2 ), 3.37 (1H, m, 
NH-CH(CH 3 ) 2 ), 4.14 (2H, s, CH 2 -NH 2 ), 4.40 (1H, m, NH-CH-CO), 
7.15-7.4 (4H, m, aromatic-H). 

Preparation Example 60 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( o-amino- 
me thy 1 phenyl) propyl] succinyl] -L-alanine N-methylamide • 
1 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( o-benzy loxycarbony laminomethy lpheny 1 ) -3 ( RS ) -tert-buty loxy- 
carbonyl-2(R)-isobutylhexanoic acid and N a -tert-butyloxycarbonyl- 
L-alanine N-methylamide to give the title compound as a white 
solid. 
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FABMS (M ): 421. 

X H-NMR (DMSO-d 6 )« ppm; 0.7-1.0 (7H, m, CH(CH 3 ) 2 ), 1.13 <3H, 
d, J=6.9Hz, CH-CH3 ) / 1.1-1.6 (6H, m, CH- (CH 2 ) 2 * CH.-CH < CH 3 ) 2 > , 
1.81 (3H, s, CHaCO.H), 2.06 (1H, m, CH-CO), 2.4-2.6 (m, CH-CO + 
C 6 H 4 -CHa + NH-CH3), 3.70 (2H, s, CH.-NH. ) , 4.23 (1H, m, 
NH-CH-CO), 7.0-7.2 and 7.32 (4H, m, aromatic-H), 7.63 and 8.16 
(1H each, m, NHX 2) . 

Preparation Example 61 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( p-amino- 
m ethylphenyl)propyl]succinyl]-L-ly S ine N-methylamide. 2 acetate 

The procedure of Preparation Example 23 was repeated using 
6-(p-benzyloxycarbonylaminomethylphenyl)-3(RS)-tert-butyloxy- 

carbonyl-2(R)-isobutylhexanoic acid and Compound No. 1 to give 

the title compound as a white solid. 

FABMS (M + ): 479. 

-H-NMR (CD 3 OD)3 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ), 1.06 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.9 (12H, m, CH- (CH 2 ) 3 + CH-(CH 2 ) 2 + CH.-CH ( CH 3 ) 2 ) , 
1 92 (6H, s, CH.CO.HX 2), 2.19 <1H, m, CH-CO), 2.45-2.7 (3H, m, 
CH-CO + C 6 H 4 -CH.), 2.72(3H, s, NH-CH. ) , 2.91 ( 2H , m, CH.-NH. ) , 
7706 (2H, s, CeH.-CH.-NHa), 4.28 ( 1H , m, NH-CH-CO), 7.22 and 
7.35 (2H each, m, aromatic-H). 

Preparation Example 62 
N 3 - [ 4 - ( Hydroxyamino ) -2 ( R ) -isobuty 1 -3 ( R or S ) - [ 5- ( acetimidoy 1 - 
imino)pentyl]succinyl]-L-alanine N-methylamide 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S)-(5-amino- 
pentyl)succinyl]-L-alanine N-methylamide- 1 acetate (200 mg, 
0.48 mmol) was dissolved in DMF (6 ml), and then cooled to 0°C, 
followed by addition of TEA (200 ml, 1.44 mmol) and ethyl 
acetimidate hydrochloride (124 mg, 1.01 mmol). The mixture 
was stirred for 2 hours. DMF was evaporated under reduced 
pressure and the residue was dissolved in 5% aqueous acetic 
acid, purified by column reversed phase chromatography (25 g of 
Chromatorex ODS-1020T, Fuji Silysia Chemical, Japan; eluted 



in 
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with distilled water and 0.1% aqueous acetic acid), and then 
lyophilized to give the title compound as a white solid. 
FABMS (M + ): 400. 

X H-NMR (CD 3 OD)<5 ppm ; 0.8-0.95 (6H, m, CH (CH 3 ) 2 ) , 1.04 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.7 (13H, m, CH- (CH 2 ) 4 + CH-CH 3 + CH 2 -CH ( CH 3 ) 2 ) , 
2.13 (1H, m, CH-CO), 2.20 (3H, s, C-CH 3 ) , 2.54 (1H, m, CH-CO) , 
2.72 (3H, s, NH-CH 3 ) , 3.19 (2H, m, CH 2 -NH) , 4.34 (1H, m, 
NH- CH-CO) . 

Preparation Example 63 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 5- ( isopropyl- 
iminojpentyl ]succinyl ]-L-alanine N-methylamide 



The procedure of Preparation Example 59 was repeated using 
N a -[4-(hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 5-aminopenty 1 ) - 
succinyl]-L-alanine N-methylamide • 1 acetate to give the title 
compound as a white solid. 
FABMS (M + ): 401. 

O X H-NMR (CD 3 OD)<5 ppm; 0.8-0.95 (6H, m, CH (CH 3 ) a ) , 1.06 (1H, m, 

CH(CH 3 ) 2 ), 1.25-1.8 (19H, m, NH-CH (CH 3 ) 2 + CH- (CH 2 )« + CH-CH^ + 
CH 2 -CH(CH 3 ) 2 ), 2.15 (1H, m, CH-CO), 2.56 (1H, m, CH-CO), 2.60 
73H, s, N-CH 3 ), 2.96 (2H, m, CH 2 -NH) , 3.36 (m, NH-CH ( CH 3 ) 2 ) 
4.35 (1H, m, NH-CH-CO) . 

Preparation Example 64 
N a _ [4 _(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 5- ( pyridin-4- 
ylmethylimino ) penty 1 ] succiny 1 ] -L-alanine N-methylamide • 
1 acetate 

The procedure of Preparation Example 59 was repeated using 
N a -[4-{hydroxyamino)-2(R)-isobutyl-3{R or S ) - ( 5-aminopentyl ) - 
succinyl ] -L-alanine N-methylamide • 1 acetate, except that 
acetone was replaced with 4-pyridylaldehyde , to give the title 
compound as a white solid. 
FABMS (M + ): 4 50. 

X H-NMR (CD 3 OD)(5 ppm; 0.8-0.95 (6H, m, CH (CH 3 ) 2 ), 1.06 (1H, m, 
CH(CH 3 ) 2 ), 1.1-1.7 (13H, m, CH- (CH 2 ) 4 + CH-CH 3 + CH 2 -CH ( CH 3 ) 2 ) , 



1.93 (3H, s, CH 3 CQ 2 H), 2.13 (IH, m, CH-CO), 2.54 (IH, m, CH-CO), 
2.71 (3H, s, N-CH 3 ), 2.87 (2H, m, CH^-NH), 4.02 (2H, m, 
NH-CH 2 -Pyridyl), 4.40 (IH, m, NH-CH-CO), 7.47 and 8.55 ( 2H each, 
m, aromatic-H). 

Preparation Example 65 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - t 3- (p-methoxy- 
carbonylphenyl ) propyl ] succiny 1 ] -L-lysine N-methylamide ■ 
1 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( p-methoxycarbony lpheny 1 ) -3 ( RS ) -tert-buty loxycarbony 1 -2 ( R ) - 
isobutylhexanoic acid and Compound No. 1 to give the title 
compound as a white solid. 
FABMS (M + + 1): 508. 

*H-NMR (CD 3 OD)<5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ), 1-04 (IH, m, 
CH(CH 3 ) 2 ), 1.2-1.8 (12H, m, CH- (CH 2 ) 3 + CH- (CH 2 ) 2 + CH.-CH ( CH 3 ) 2 ) , 
1.91 (6H, s, CH 3 CQ 2 H), 2.20 (IH, m, CH-CO), 2.53 (IH, m, CH-CO), 
2.63 (2H, m, C 6 H 4 -CH, ) , 2.71 (3H, s, N-CH. ) , 2.89 (2H, m, 
CH 2 -NH 2 ), 3.88 (3H, s, -CQ 2 CH 3 ) , 4.24 (IH, m, NH-CH-CO), 7.26 
and 7.90 ( 2H each, m, aromatic-H). 

Preparation Example 66 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 2- ( 2-ethoxy- 
ethoxy ) ethyl ] succinyl ] -L-lysine N-methylamide 

The procedure of Preparation Example 23 was repeated using 
5- ( 2-ethoxyethoxy ) -3 ( RS ) -tert-buty loxycarbony 1 -2 ( R ) -isobuty 1- 
pentanoic acid and Compound No. 1 to give the title compound as 
a white solid. 

FABMS (M + + 1): 448. 

X H-NMR (CD 3 OD)<5 ppm; 0.8-0.95 (6H, m, CH (CH 3 ) 2 ), 1.07 (IH, m, 
CH(CH 3 ) 2 ), 1.20 (3H,t, J = 7.0HZ, CH.-CH. ) , 1.3-1.9 (10H, m, 
CH - (CH 2 )3 + CH-CH. + CH 2 -CH(CH 3 ) 2 ), 2.32 (IH, m, CH-CO), 2.58 
(IH, m, CH-CO), 2.72 (3H, s, N-CH 3 ) , 2.92 (2H, m, CH^-NH. ) , 
3.2-3.4 (8H, m, 0-CH 2 x 4), 4.32 (IH, m, NH-CH-CO). 
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Preparation Example 67 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( p-carboxy- 
phenyl )propyl ]succinyl ]-L-lysine N-methy lamide 

Alkaline hydrolysis of Compound No. 65 yielded the title 
compound as a white solid. 
FABMS (M + ): 493. 

1 H-NMR (D 2 0-NaOD) S ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ) , 0.95-1.7 
(13H, m, CH- (CH 2 ) 3 + CH- (CH 2 ) 2 + CH 2 -CH ( CH 3 ) 2 ) , 2.15 (1H, m, 
CH-CO), 2.4-2.6 (3H, m, CH-CO + CH 2 -NH 2 ) , 2.6-2.8 (5H, m, 
N^CH3 + C^-CHa), 4.02 (1H, m, NH-CH-CO), 7.26 and 7.81 ( 2H 
each, m, aromatic-H). 

Preparation Example 68 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 8-hydroxyocty 1 ) - 
succinyl ]-L-lysine N-methylamide • 1 acetate 

The procedure of Preparation Example 23 was repeated using 
11- ( tetrahydropy rany loxy ) -3 ( RS ) -tert-buty loxycarbonyl-2 ( R ) - 
isobutylundecanoic acid and Compound No. 1 to give the title 
compound as a white solid. 
FABMS (M + ): 4 59. 

^H-NMR (CD 3 OD)<5 ppm; 0.8-0.95 (6H, m, CH (CH 3 ) 2 ), 1.05 <1H, m, 
CH(CH 3 ) 2 ), 1.1-1.9 (22H, m, CH- (CH 2 ) 7 + CH- (CH 2 ) 3 + CH 2 -CH ( CH 3 ) a ) , 
lT92 (3H, s, CH 3 CQ 2 H), 2.13 (1H, m, CH-CO), 2.56 (1H, m, CH-CO), 
2.72 (3H, s, N-CH 3 ) , 2.91 (2H, m, CH 2 -NH 2 ), 3.53 (2H,t, J=6.5Hz, 
CH 2 -OH), 4.31 (1H, m, NH-CH-CO). 



Preparation Example 69 
L -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - ( 2-n-butyloxy- 
ethyl ) succinyl ]-L-lysine N-methylamide- 1 acetate 



a 

N 



The procedure of Preparation Example 23 was repeated using 
5- ( n-butyloxy ) -3 ( RS ) -tert-buty loxycarbonyl-2 ( R ) -isobuty 1- 
pentanoic acid and Compound No. 1 to give the title compound as 



a white solid. 

FABMS (M + 1): 432. 
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-H-NMR (CD 3 OD)S ppm; 0.8-0.95 (9H, m, CH(CH 3 ) 2 + CH.-CH. ) , 
1.06 (1H, m, CH(CH 3 ) 2 ), 1-2-1.9 <14H, m, CH-CH, ♦ CH-fCH^ + 
(CH 2 ) 2 -CH 3 + CHa-CH<CH,>.>, 1.91 <3H, », CH.CO.H ) , 2.29 (1H, m f 
C^oT, 2.58 (1H, m, CH-CO), 2.72 (3H, s, N-CH.) , 2.91 (2H. », 



CH 



,-NH.), 3.2-3.4 (m, 0-CH.x 2), 4.31 <1H, m, NH-CH-CO). 



Preparation Example 70 
N a - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 ( R or S ) - ( 2-isobuty loxy- 
ethyl)succinyl]-L-lysine N-methylamide • 1 acetate 

The procedure of Preparation Example 23 was repeated using 
5- ( isobuty loxy ) -3 ( RS ) -tert-butyloxycarbonyl-2 ( R ) -isobuty 1- 
pentanoic acid and Compound No. 1 to give the title compound as 
a white solid. 



FABMS (M ): 4 31. 

-H-NMR (CD 3 OD)<5 ppm; 0.8-0.95 (12H, m, CH(CH 3 ) 2 x 2), 1.07 
(1H, m, CH(CH 3 ) 2 ), 1.3-1.9 (HH, m, CH-CH. + CH-tCH.). + 
0-CH 2 -CH + CH.-CH(CH3) 2 ), 1-92 <3H, s, CH.CO.H), 2.30 (1H, m, 
CH-CO), 2.58 <1H, m, CH-CO), 2.72 (3H, s, N-CH. ) , 2.92 (2H, m, 
^-NH 2 ), 3.13 (2H, d, J = 6.6Hz, 0-CH.-CH), 3.2-3.4 (m, O-CH. ) , 
4.32 (1H, m, NH-CH-CO). 

Preparation Example 71 
- [ 4 - ( Hydroxyamino)-2(R)-isobutyl-3(R or S ) - 1 3 - ( m-methoxy- 
rbonylphenyl)propyl]succinyl]-L-lysine N-methylamide- 



N 

ca 

1 acetate 



The procedure of Preparation Example 23 was repeated using 
6- ( m-methoxycarbony ipheny 1 ) -3 ( RS ) -tert-butyloxycarbonyl-2 ( R ) - 
isobutylhexanoic acid and Compound No. 1 to give the title 
compound as a white solid. 
FABMS (M + + 1) : 508. 

1 H-NMR <CD 3 OD)6 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) a _), 1.06 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.85 (12H, m, CH- (CH 2 ) 3 + CH-(CH,) a ♦ CH,-CH < CH 3 ) 2 ) , 
1.91 (3H, s, CH.CO.H), 2.20 <1H, m, CH-CO), 2.5-2.8 (6H, m, 
CH-CO + N-CH3 + CH.-NH.), 2.91 (2H, m, CeH.-CH. ) , 3.90 (3H, S, 
^0 2 CH 3 ), 4.27 (1H, m, NH-CH-CO), 7.39 and 7.82 ( 2H each, m, 



aromatic-H ) • 



Preparation Example 72 
N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) -isobuty 1-3 { R or S ) - [ 3- ( p-hydroxy- 
phenyl)propyl]succinyl]-L-lysine N-methylamide • 1 acetate 

The procedure of Preparation Example 23 was repeated using 
6-(p-benzyloxyphenyl)-3(RS)-tert-butyloxycarbonyl-2(R)-isobutyl- 

hexanoic acid and Compound No. 1 to give the title compound 

as a white solid. 

FABMS (M + ): 465. 

-H-NMR (CD 3 OD)5ppm; 0.8-0.95 (6H, m, CH (CH 3 ) 2 ), 1-04 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.85 (12H, m, CH- (CH 2 ) 3 + CH-(CH a ), + CH.-CH ( CH 3 ) 2 ) 
T.92 (3H, s, CH3CO3H), 2.17 (1H, m f CH-CO), 2.35-2.6 (3H, m, 
CH-CO + C.H.-CH,), 2.71 (3H, m, N-CH. ) , 2.88 (2H, m. CH.-NH.), 
7725 (1H, m, NH-CH-CO), 6.67 and 6.94 ( 2H each, m, aromatic-H). 

Preparation Example 7 3 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S )-[ 3- (morpholin- 
4-yl)propyl]succinyl]-L-lysine N-methylamide- 1 acetate 

The procedure of Preparation Example 23 was repeated using 
6-morpholino-3(RS)-tert-butyloxycarbonyl-2(R)-isobutylhexanoic 

acid and Compound No. 1 to give the title compound as a white 

solid. 

FABMS (M + ): 458. 

*H-NMR (CD 3 0D)5 ppm; 0.7-0.9 (6H, m, CH (CH 3 ) 2 ), 1.02 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.8 (12H, m. CH- (CH 2 ) 3 + CH-(CH,), + CH.-CH ( CH 3 ) a ) 
T789 (3H, s, CH.CO.H), 2.20 (1H, m, CH-CO), 2.5-3.0 (12H, m, 
CH-CO + N-CH. x 3 + N-CH. + CH.-NH. ) , 3.74 (4H, m, O-CH.X 2), 
4.28 (1H, m, NH-CH-CO). 

Preparation Example 74 
N a -[4-(Hydroxyamino)-2(R)-isopropyl-3(R or S ) - ( 3-pheny 1- 
propyl)succinyl]-L-lysine N-methylamide • 1 acetate 

The procedure of Preparation Example 23 was repeated using 
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6-phenyl-3(RS)-tert-butyloxycarbonyl-2(R)-isopropylhexanoic acid 
and Compound No. 1 to give the title compound as a white solid. 
FABMS (M + + 1): 436. 

^-H-NMR (CD 3 OD)<5 ppm; 0.85-1.0 (6H, ra, CH (CH 3 ) 2 ), 1.3-1.9 (11H, 
m, CH(CH 3 ) 2 + CH- (CH 2 ) 3 + CH- (CH 2 ) 2 ), 1-90 (3H, s, CH^CO.H), 2. 
38 (1H, m, CH-CO), 2.4-2.65(3H, m, CH-CO + CH.-C.H3), 2.72 (3H, 
m, N-CH3), 2.89 (2H, m, CH.-NH. ) , 4.27(1H, m, NH-CH-CO) , 7.0-7.3 
(5H, m, aromatic-H). 

Preparation Example 7 5 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( m-carboxy- 
phenyl)propyl]succinyl]-L-lysine N-methylamide ■ 1 acetate 

3 Alkaline hydrolysis of Compound No. 71 yielded the title 

compound as a white solid. 
FABMS (M + + 1): 494. 

^H-NMR (CD 3 OD)5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ), 1.01 <1H, m, 
CH(CH 3 ) 2 ), 1.1-1.8 (12H, m, CH- (CH 2 ) 3 + CH- (CH 2 ) 2 + CH.-CH ( CH 3 ) 2 ) , 
I7 9 6 (3H, s, CH 3 C0 2 H ) , 2.13 (1H, m, CH-CO), 2.49 (1H, m, CH-CO), 
2.55-2.85 (5H, m, N-CH 3 + C 6 H.-CH 2 ), 2.84 (2H, m, CH.-NH. ) , 
4.11 (1H, m, NH-CH-CO), 7.26 and 7.73 ( 2H each, m, aromatic-H). 



3 Preparation Example 76 

N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( piperidin- 
l-yl)propyl]succinyl]-L-lysine N-methylamide- 2 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( piperidin-l-y 1 ) -3 ( RS ) -tert-buty loxycarbonyl -2 ( R ) -isobuty 1- 
hexanoic acid and Compound No. 1 to give the title compound as 
a white solid. 

FABMS (M + +1): 457. 

-H-NMR (CD 3 OD)<5 ppm; 0.8-0.95 (6H, m, CH (CH 3 ) 2 ), 1.07 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.85 (18H, m, CH 2 -CH(CH 3 ) 2 + CH-(CH 2 ) 2 + 
^- (CH 2 ) 3 -CH 2 -NH 2 ♦ N-CH 2 -(CH 2 ) 3 ), 1.91 (6H, S, CH,CO a H x 2), 
2.18 (1H, m, CH-CO), 2.57 (1H, m, CH-CO), 2.72 (3H, S, N-CH,) , 
2.7-3.1 (8H, m, N-CH 2 x 3 + CH.-NH. ) , 4.28 (1H, m, NH-CH-CO). 



— 1 3 2 - 



O 

£ ,s a 
i'fs 



Preparation Example 77 
N a -[4-(H Y droxyamino)-2(R)-isobut Y l-3(R or S ) -methy lsuccinyl ] - 
N e -benzimidoyl-L-lysine N-methyl amide • 1 acetate 

The procedure of Preparation Example 22 was repeated using 
Compound No. 18 and Compound No. 2 2 -a, except that ethyl 
acetimidate hydrochloride was replaced with methyl benzimidate 
hydrochloride, to give the title compound as a white solid. 
FABMS (M + ): 448. 

^H-NMR (CD 3 0D)<5 ppm; 0.7-0.9 (6H, m, CH(CH 3 ) 2 ), 0.94 (3H, d, 
J=7.0Hz, CH-CH3), 1.01 (1H, m, CH(CH 3 ) 2 ), 1.2-1.7 (8H, m, 
CH 2 -CH(CH 3 ) 2 + CH- (CH 3 ) 3 ), 1.80 (3H, s, CH.CO.H ) , 2.15 (1H, m, 
CH-CO), 2.48 (1H, m, CH-CO), 2.64 (3H, s, N-CH3 ) , 3.35 <2H, m, 
^H~ 2 -NH 2 ), 4.26 (1H, m, NH-CH-CO), 7.4-7.7 (5H, m, aromatic-H). 

Preparation Example 78 
N 4 -[3-Amino-l(S)-methylcarbamoylpropyl]-N -hydroxy-2(R or S)- 
[ 3- ( p-aminomethylpheny 1 ) propyl ] -3 (R) -isobutylsuccinamide • 
2 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( P -benzyloxycarbonylaminomethylphenyl )-3 (RS ) -tert-butyloxy- 
carbonyl-2(R)-isobutylhexanoic acid and 2 ( S ) -tert-butyloxy- 
carbonylamino-4-benzyloxycarbonylaminobutanoic acid N-methyl- 
amide to give the title compound as a white solid. 
FABMS (M + ): 4 50. 

-H-NMR (CD 3 OD)<5 ppm; 0.75-0.9 (6H, m, CH (CH 3 ) 2 ), 1.07 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.7 (6H, m, CH 2 -CH(CH 3 ) 2 + CH-(CH 2 ) 2 ), 1.85 (6H, 
s, CH.CO.HX 2), 1.8-2.1 (2H, m, CH-CH. ) , 2.18 (IH, m, CH-CO), 
2.52 (3H, m, CH-CO + C e H.-CH, ) , 2.69 (3H, s, N-CH3 ) , 2.88 (2H, 
m, CH,-HH a ) f 3.99 (2H, s, C 6 H.-CH,-NH 2 ) , 4.36 (IH, m, NH-CH-CO), 
7.17 and 7.29 (2H each, m, aromatic-H). 
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Preparation Example 79 
N a -[4-(Hydroxya m ino)-2(R)-isobutyl-3(R or S ) - [ 3- (p-amino- 
methy lpheny 1 ) propyl ] succiny 1 ] -L-tert-leucine N-methylamide • 
1 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( P -benzy loxycarbonylaminomethy lpheny 1 ) -3 (RS ) -tert-butyloxy- 
carbonyl-2(R)-isobutylhexanoic acid and N -tert-butyloxy- 
carbonyl-L-tert-leucine N-methylamide to give the title 
compound as a white solid. 
FABMS (M + +1) : 464. 

X H-NMR (CD 3 OD)<5 ppm; 0.7-0.85 (6H, m, CH (CH 3 ) 2 ), 0.94 (9H, S, 
C (CH 3 ) 3 ), 1.02(1H, m, CH(CH 3 ) 2 ), 1.2-1.7 (6H, m, CH.-CH(CH 3 ) 2 + 
CH- (CH 2 ) 2 , 1.88 (3H, m, CHaCO.H), 2.14 (1H, m, CH-CO) , 2.4-2.6 
(3H, m, CH-CO + C 6 H 4 -CH,), 2.65 (3H, S, N-CH3 ) , 4.00 (2H, S, 
CH 2 -NH 2 ), 4.18 (1H, m, NH-CH-CO), 7.16 and 7.28 ( 2H each, m, 
aromatic-H ) . 

Preparation Example 80 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -[ 3- ( p-amino- 
methy lpheny 1) propyl] succiny 1 ] -L-ornithine N-methylamide • 
1 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( P -benzy loxycarbonylaminomethylphenyl ) -3 (RS ) -tert-butyloxy- 
carbonyl-2(R)-isobutylhexanoic acid and Compound No. 7 to give 
the title compound as a white solid. 
FABMS (M + +1): 465. 

*H-NMR (CD 3 0D)<5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ), 1-05 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.85 (12H, m, CH 2 -CH(CH 3 ) 2 + CH-(CH 2 ) 3 + 
CH - (CH 2 ) 2 , 1.89 (3H, s, CH 3 CQ 2 H), 2.20 (1H, m, CH-CO), 
2.5-2.7 (3H, m, CH-CO + C^-CH. ) , 2.72 (3H, s, N-CH 3 ) , 2.89 
(2H, S, CH 2 -NH 2 ), 4.01 (2H, s, C 6 H.-CH 2 -NH 2 ) , 4.29 (1H, m, 
NH-CH-CO), 7.22 and 7.31 ( 2H each, m, aromatic-H). 
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Preparation Example 81 
N a -[4-(Hydrox Y amino)-2(R)-isobut Y l-3(R or S)-[ 3-<p-guanido- 
methylphenyl)propyl]succinyl]-L-ornithine N-methylamide • 

2 acetate 

The procedure of Preparation Example 23 was repeated using 
6- [ p- ( N 1 , N 2 -dibenzyloxycarbony lguanidomethyl )pheny 1 ] -3 ( RS ) - 
tert-butyloxycarbonyl-2(R)-isobutylhexanoic acid and Compound 
No. 7 to give the title compound as a white solid. 
FABMS (M + ): 506. 

X H-NMR (CD 3 OD)<5 ppm; 0.7-0.85 (6H, m, CH (CH 3 ) 2 ), 0.99 (1H, m, 
CH(CH 3 ) 2 ), 1.15-1.8 (10H, m, CH 2 -CH(CH 3 ) 2 + CH-(CH 2 ) 2 * 2), 
V.81 (6H, s, CH.CO.HX 2), 2.12 (1H, m, CH-CO), 2.4-2.6 (3H, m, 
CH-CO + CeH 4 -CH.), 2.67 (3H, s, N-CH3 ) , 2.82 <2H, s, CH.-NH. ) , 

4.22 (1H, m, NH-CH-CO), 4.26 (2H, s, C 6 H 4 -CH.-NH ) , 7.0- 7.2 

(4H, m, aromatic-H). 

Preparation Example 82 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- ( 3 , 4 , 4- 
trimethyl-2 / 5-dioxo-imidazolidin-l-yl)propyl]succinyl]-L-lysine 

N-methylamide 

The procedure of Preparation Example 23 was repeated using 
6- ( 3 , 4 , 4-trimethyl-2 , 5-dioxo-imidazolidin-l-yl ) -3 (RS ) -tert-butyl- 
oxycarbonyl-2(R)-isobutylhexanoic acid and Compound No. 1 to 
give the title compound as a white solid. 
FABMS (M + +1): 514. 

X H-NMR (CD 3 OD)<5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ), 1.03 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.9 (18H, m, CH.-CH(CH 3 ) 2 + CH-(CH 2 ) 2 + CH-jCH.).) 
* C(CH 3 ) 2 , 2.11 <1H, m, CH-CO), 2.54 (1H, m, CH-CO), 2.72 (3H, 
S, NH-CH.), 2.87 (3H, s, N-CH, > , 3.00 (2H,t, J=7.5Hz, CH.-NH. ) , 
3.42 (2H,t, J=6.1Hz, CH 2 -N), 4.30 (1H, m, NH-CH-CO). 
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Preparation Example 83 
N a -[4-(Hydroxyamino)-3(S)-isobutyl-2(R or S ) - < 8-hydroxyoctyl ) 
succinyl ]-L-lysine N-methy lamide • 1 acetate 

The procedure of Preparation Example 23 was repeated using 
10-tetrahydropyranyloxy-2 ( RS ) - [ 1- ( S ) -tert-buty loxycarbonyl- 
3-methylbutyl]decanoic acid and Compound No. 1 to give the 
title compound as a white solid. 
FABMS (M + +1): 460. 

^H-NMR (CD 3 OD)5 ppm; 0.8-0.9 (6H, m, CH (CH 3 ) 2 ) , 1.0 (1H, m, 
CH(CH 3 ) 2 ), 1.1-1.85 (22H, m, CHa-CH(CH 3 ) a + CH-(CH 2 ) 3 + 
CH- (CH 3 ) 7 ), 1.91 (3H, s, CH 3 CQ 2 H), 2. 29 (1H, m, CH-CO), 2.41 
(1H, m, CH-CO), 2.73 (3H, S, N-CH, ) , 2.90 (2H,t, J=7.6Hz, 
CH 2 -NH 2 ), 3.52 <2H, m, CH, -OH ) , 4.31 (1H, m, NH-CH-CO). 



Preparation Example 84 



a 

N 



i -[4-(Hydroxyamino)-2(R) ,3(R or S ) -diisobuty lsuccinyl ] -4 ■ - 
aminomethyl-L-phenylalanine N- ( 2-carboxyethyl ) amide • 1 acetate 



The procedure of Preparation Example 23 was repeated using 
Compound No. 17 and N a -tert-butyloxycarbonyl-L-4 ' -cyanophenyl- 
alanine N- ( 2-benzyloxycarbony lethyl ) amide to give the title 
compound as a white solid. 
FABMS (M + ): 493. 

X H-NMR (CD 3 OD)5 ppm; 0.75-1.1 (14H, m, CH 2 - CH(CH 3 ) 2 * 2), 
1.2-1.6 (4H, m, CH 2 -CH(CH 3 ) 2 * 2), 1.97 (3H, s, CH 3 ^C0 2 H ) , 
1.9-2.2 (3H, m, CH-CO + CH.-CO.H), 2.52 (1H, m, CH-CO), 2.99 
(2H, m, CH 2 -C 6 H <I ), 3.25-3.4 (m, NH-CH 2 ) , 4.02 (2H, m, 
C^-CH.-NH.), 4.53 (1H, m, NH-CH-CO), 7.32 (4H, m, aromatic-H) 

Preparation Example 85 
N a -[4-(Hydroxyamino)-2(R) ,3(R or S ) -diisobuty lsuccinyl ] -4 • - 
acetimidoyliminomethyl-L-phenylalanine N-( 2-carboxyethyl ) amide • 

1 acetate 



The procedure of Preparation Example 23 was repeated using 
Compound No. 17 and N a -tert-butyloxycarbonyl-L-4 • -cyanophenyl- 



alanine N- ( 2-benzy loxycarbonylethy 1 ) amide to give the title 
compound as a white solid. 
FABMS (M + ): 534. 

-H-NMR (CD 3 OD)<5 ppm; 0.7-0.9 (12H, m, CH (CH 3 ) 2 * 2), 1.0-1.1 
(2H, m, CH(CH 3 ) 2 x 2), 1.3-1.7 (4H, m, CH,-CH(CH 3 ) 2 x 2), 1.94 
(3H, S, CH.CO.H), 2.0-2.3 (6H, m, CH-CO + CH.-CO.H + C-CH3 ) , 
2.52 (1H, m, CH-CO), 2.9-3.1 (2H, m, CH.-CeH. ) , 3.2-3.4 (m, 
NH-CHa), 4.38 (2H, S, C 6 H 4 -CH.-NH ) , 4.55 (1H, m, NH-CH-CO), 
7.28 (4H, m, aromatic-H). 

Preparation Example 86 
N 4 -[2-Amino-2-methyl-l(RS)- m ethylcarbamoylpropyl]-N -hydroxy- 
2(R or S )-[3-(p-aminomethylphenyl)propyl]-3(R)-isopropylsuccin- 

amide • 2 acetate 

The procedure of Preparation Example 23 was repeated using 
6-(p-benzyloxycarbonylaminomethylphenyl)-3(RS)-tert-butyloxy- 

carbonyl-2(R)-isopropylpentanoic acid and 2 ( RS ) -tert-butyloxy- 
carbonylamino-3-benzyloxycarbonylamino-3-methylbutanoic acid 
N-methylamide to give the title compound as a white solid. 
FABMS (M + ): 4 50. 

-H-NMR (CD 3 OD)<5 ppm; 0.85-1.0 (6H, m, CH (CH 3 ) 2 ), 1.2-1.8 (HH, 
m, CH(CH 3 ) 2 + C-CH3 x 2 - CH- (CH 2 ) 2 ), 1.91 (6H, S, CH.CO.HX 2), 
2.31 (1H, m, CH-CO), 2.4-2.6 (3H, m, CH-CO + CeH.-CH. ) , 2.65 
(3H, s, N-CH.), 4.01 (2H, S, CH.-NH. ) , 4.72 (1H, m, NH-CH-CO), 
7.17 and 7.29 ( 2H each, m, aromatic-H). 

Preparation Example 87 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -methylsuccinyl ] - 
4 ' -aminomethyl-L-phenylalanine N-(morpholin-4-yl )amide • 
1 acetate 

The procedure of Preparation Example 23 was repeated using 
Compound No. 2 and Compound No. 18 to give the title compound 



as a white solid. 
FABMS (M + ): 464. 

X H-NMR (CD 3 OD)<5 ppm; 0.62, 0.71 and 0.80 ( 3H each, m, 



CH (CH 3 ) 2 x 2 + CH-CH 3 ) , 0.91 (1H, m, CH(CH 3 ) 2 ), 1.2-1.5 (2H, m, 
CH,-CH(CH 3 ) 2 ), 1.81 (3H, s, CH^CO.H), 2.01 (1H, m, CH-CO), 2.39 
(1H, m, CH-CO), 2.5-2.6 (4H, m, N-CH. * 2), 2.8-3.0 (2H, m, 
CH.-CH.), 3.61 (4H, «, O-CH, x 2), 3.93 (2H, s, C 6 H 4 -CH.-NH, ) , 
4.48 (1H, m, NH-CH-CO), 7.29 (4H, m, aromatic-H ) . 

Preparation Example 88 
N a - [ 4- (Hydroxyamino ) -2 (R ) -isobutyl-3 ( S ) -hydroxysuccinyl ] -4 • - 
aminomethyl-L-phenylalanine N-methylamide • 1 acetate 

The procedures of Preparation Examples 23-b and c except 
omitting removal of a tert-butyl group with trif luoroacetic 
acid were repeated using Compound No. 43-b to provide the title 
compound as a white solid. 
FABMS (M + + 1): 395. 

*H-NMR (CD 3 OD)«5 ppm; 0.87 (6H, m, CH (CH 3 ) 2 ), 1.1-1.6 (3H, m, 
CH 2 -CH (CH 3 ) 2 ), 1.98 <3H, s, CH 3 CQ 2 H) , 2.6-2.8 <4H, s + m, 
N-CH 3 + CH-CO), 2.9-3.1 <2H, m, CH 2 -C 6 H« ) , 3.93 (2H, m, 
Ch7^H 2 ), 4.4-4.6 (2H, m, NH-CH-CO + HO-CH-CO) , 7.30(4H, m, 
aromatic-H ) . 

Preparation Example 89 
N a -[4-(Hydroxyamino)-2(R),3(R or S ) -diisobutylsuccinyl ] -4 • - 
aminomethyl-L-phenylalanine N- ( 2-N ' , N ' -dimethylaminoethyl ) amide • 
2 acetate 

The procedure of Preparation Example 23 was repeated using 
Compound No. 17 and N a -tert-butyloxycarbonyl-L-4 • -cyanophenyl- 
alanine n- ( 2-N ' ,N ' -dimethylaminoethyl ) amide to provide the 
title compound as a white solid. 
FABMS (M + +1): 493. 

*H-NMR (CD 3 OD)<5 ppm; 0.6-0.9 (12H, m, CH (CH 3 ) 2 x 2), 1.02 (2H, 
m, CH(CH 3 ) 2 x 2), 1.3-1.6 (4H, m, CH.-CH(CH 3 ) 2 x 2), 1.91 <6H, s, 
CH.CO.H x 2), 2.16 (1H, m, CH-CO), 2.4-2.55 (7H, s + m, N-CH. x 
2 + CH-CO), 2.71 (2H, m, CH 2 -N), 2.9-3.1 (2H, m, CH,-C.H« > , 
3.3-3.5 (2H, m, NH-CH 2 ) , 4.03 (2H, s, C 6 H 4 -CH.-NH 2 ) , 4.60 (1H, 
m, NH-CH-CO), 7.38 (4H, m, aromatic-H). 



# 
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preparation Example 90 
N a -[4-(Hydroxyamino)-2(R),3(R or S ) -diisobutylsuccinyl ] -4 ' - 
acetimidoyliminomethyl-L-phenylalanine N- ( 2-N ' , N 1 -dimethy lamino— 
ethyl )amide • 2 acetate 

The procedure of Preparation Example 22 was repeated using 
Compound No. 17 and N a -tert-buty loxycarbonyl-L-4 ' -cyanophenyl- 
alanine N- ( 2-N N 1 -dimethy laminoethyl ) amide to provide the 
title compound as a white solid. 

^H-NMR (CD 3 OD)<5 ppm; 0.6-0.9 (13H, m, CH (CH 3 ) 2 + CH(CH 3 ) 2 ), 
0.95-1.1 (1H, m, CH(CH 3 ) 2 ), 1-4-1.6 (4H, m, CH,-CH( CH 3 ) 2 x 2), 
1.91 (6H, s, CH 3 CQ 2 HX 2), 2.16 (1H, m, CH-CO), 2.24 (3H, s, 
C-CH,), 2.37 (6H, s, N-CH.X 2), 2.4-2.5 (3H, m, CH-CO + CH.-N ) , 
2.9-3.1 (2H, m, CH=-C 6 H 4 ) , 3.2-3.4 (m, NH-CH, ) , 4.40 (2H, s, 
C 6 H 4 -CHs-NH), 4.60 (1H, m, NH-CH-CO) , 7.31 (4H, m, aromatic-H). 

Preparation Example 91 
N 3 - [ 4 - ( Hydroxyamino ) -2 ( R ) , 3 ( RS ) -diisobutylsuccinyl ] -4 1 - 
acetimidoyliminomethyl-L-phenylalanine N- ( 2-hydroxyethy 1 ) amide • 

2 acetate 

The procedure of Preparation Example 22 was repeated using 
Compound No. 14 and Compound No. 17 to provide the title 
compound as a white solid. 

^H-NMR (CD 3 OD)5 ppm; 0.6-0.9 (13H, m, CH (CH 3 ) 2 + CH(CH 3 ) 2 ), 
1.00 (1H, m, CH(CH 3 ) 2 ), 1.3-1.6 (4H, m, CH.-CH ( CH 3 ) 2 x 2), 
1.89 (3H, s, CH 3 CQ 2 H), 2.15(1H, m, CH-CO), 2.24 (3H, s, C-CH. ) , 
2.46 (1H, m, CH-CO), 2.9-3.1 (2H, m, CHa-C.H«), 3.2-3.6 (m, 
NH- CH 2 -CH 2 -OH), 4.40 (2H, s, C 6 H <t -CH 2 -NH 2 ) , 4.65 (1H, m, 
NH-CH-CO), 7.31 (4H, m, aromatic-H). 

Preparation Example 92 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) -[ 3- ( p-amino- 
phenyl ) propyl ] succinyl ] -N e -acetimidoyl-L-lysine N- ( 2-N ' , N ' - 
dimethylaminoethyDamide- 3 acetate 



The procedure of Preparation Example 22 was repeated using 
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6- ( p-benzy loxycarbonylaminopheny 1 ) -3 ( RS ) -tert-butyloxycarbonyl- 
2(R)-isobutylhexanoic acid and Compound No. 3 to provide the 
title compound as a white solid. 
FABMS (M + + 1) : 56 3. 

-H-NMR (CD 3 OD)S ppm; 0.7-0.95 (6H, m, CH (CH 3 ) 2 ), 1-09 (1H, m, 
CH(CH 3 ) 2 ), 1.1-1.8 (12H, m, CH.-CH ( CH 3 ) 2 + CH-(CH 2 ) 2 + CH-_(CH*>3 ) , 
1.96 (9H, s, CH3CO.HX 3), 2.21 (3H, s, C-CH3 ) , 2.3-2.6 <4H, m, 
CH-CO x 2 + CH.-CeH.), 2.76 <6H, m, N-CH. x 2), 2.9-3.5 <m, 
CH,-NH 2 + NH- CH 2 -CH 2 -N), 4.13 (1H, m, NH-CH-CO), 6.64 , 6.89, 
7.07 and 7.41 ( 1H each, m, aromatic-H). 

Preparation Example 93 
N 3 - [ 4- ( Hydroxyamino ) -2 ( R ) , 3 (RS ) -diisobuty lsucciny 1 ] -4 1 - 
acetimidoyliminomethyl-L-phenylalanine N- ( 2-hydroxy-l , 1-dimethyl- 

ethyDamide • 1 acetate 

The procedure of Preparation Example 22 was repeated using 
Compound No. 17 and N a -tert-butyloxycarbonyl-L-4 • -cyanophenyl- 
alanine N-( 1 , 1-dimethy 1-2-hydroxyethy 1 )amide to provide the 
title compound as a white solid. 
FABMS (M + + 1 ) : 535. 

*H-NMR (CD 3 OD)<5 ppm; 0.7-0.95 (12H, m, CH(CH 3 ) 2 x 2), 1.0-1.1 
(2H, m, CH(CH 3 ) 2 x 2 ), 1.1-1.8 <10H, m, C_(CH 3 ) a + CH,-CH( CH 3 ) 2 x 
2), 1.89 (3H, s, CH 3 CQ 2 H), 2.15 (1H, m, CH-CO), 2.24 (3H, s, 
C-CHa), 2.46 (1H, m, CH-CO), 3.0-3.4 (2H, m, CHa-C 6 H 4 ) , 3.4-3.6 
(2H, m, CH.-OH), 4.41 (2H, s, C.H.-CHa-NH) , 4.62 (1H, m, 
NH-CH-CO), 7.31 (4H, m, aromatic-H). 

Preparation Example 94 
N 4 - [ 3-Amino-2 , 2-dimethy 1-1 ( RS ) -methy lcarbamoylpropyl ] -N - 
hydroxy-2 ( R or S ) - [ 3- ( P -aminomethylpheny 1 ) propyl ] -3 (R ) -isopropy 1- 
succinamide • 2 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( p-benzy loxycarbony laminomethy lpheny 1 ) -3 ( RS ) -tert-butyloxy- 
carbonyl-2(R) -isopropy Ihexanoic acid and 2 ( RS ) -tert-butyloxy- 
carbony lamino-4-benzy loxycarbony lamino-3 , 3-dimethylbutanoxc acid 



■ a~ n, 0 Htle compound as a white solid. 
N-methylamide to provide the title compou 

FABMS (M + ): 464. # 1 1 u 

X H-NMR (CD,OD>« PP m; 0.8-1.0 (6H, m, CH(CH^) , 1.2-1.8 11H, 
m, CH(CH 3 ) 2 + C-CH^X 2 ♦ CH-(CH^ 1.89 (6H. O^CO.HX ) 

2. 2 r ( lH, m, CH-CO,. 2.4-2.6 <3H, m, CH-CO ♦ C.IU-C^) . 2 6 2 8 
(5H, CH. -S. ♦ N-OU), 4.00(2H, s, C.H.-CH.-RH. ) , 4.70 <1H, 

m, NH-CH-CO), 7.17 and 7.29 ( 2H each, m, aromatic-H). 

Pr eparation Example 95 
N 4 - [ 2-Amino-l(S)-methylcarbamoylpro P yl]-N 1 -hydro X y-2(R or S)- 

[ 3- ( p-aminomethy iphenyl ) propyl ] -3 ( R) -isopropylsuccinamide • 

2 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( p - b enzy loxycarbony laminomethy Iphenyl ) -3 (RS > -tert-buty loxy- 
caroonyl-2(R)-isopro P ylhexanoic acid and 2 ( S ) -tert-buty loxy- 
carbony lamino-3-benzyloxycarbonylaminobutanoic acid N-methyl- 
amide to provide the title compound as a white solid. 
FABMS (M + ): 436. 

*H-NMR <CD,OD>* PP m; 0.8-1.0 (6H, m. CH(CH^) , 1.1-1-2 <4H, 
m, CH(CH 3 ) 2 + CH-OU), 1.2-1.8 (4H. CH- (CH^) , 1.88 (6H. s, 

CH.W.H x 2), 2.21 (1H, CH-CO), 2.4-2.6 (3H, m, CH-CO + 
^ 4 -CH 2 ), 2.66 (3H, s, N-CH3.) , 3.2-3.4 (m, CH-NH 2 4.00 <2H. 

s, CH^H 2 >, 4.65 (1H, m, NH-CH-CO), 7.21 (4H, m, aromatic-H>. 

Preparation Example 96 
N a - [4 -(Hydroxyamino)-2(R)-isopropyl-3(R or S) -[ 3-( P -amino- 
methylphenyl)propyl]succinyl]-0-(2,3,4,6-tetra-0-acetyl-^ -D- 

glucopyranosyl)-L-serine N-methylamide- 1 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( p-benzy loxycarbony laminomethy Iphenyl) -3 (RS) -tert-buty loxy- 
carbonyl-2(R)-iso P ropylhexanoic acid and N -tert-butyloxy- 
carbony l-O- (2,3,4, 6-tetra-O-acety 1- 0 -D-glucopyranosyl ) - 
L -serine N-methylamide to provide the title compound as a whxte 
solid. 



FABMS (M + ): 7 53. 
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iH-«KR CCD,OD)a PP-; 0.8-1.0 (6H. CH(CH^) . l-l"^ 
CH,CH,, 2 . CH.CO- * 4,. 1.90 ,3H, s, ^CO,H, 

2 jF.IH. m. CH-CO,. 2.4-2.75 (3H. m, CH-CO * C.H.-CH.) . 2.78 
ffl N-CH,77 3.78 <2H. C^-O,. 3.95-4.8 I7H. NH-CH-CO . 

* ^ S-H -a S-H (gl uco Pyr a„o Syl)1 . 4.9-S.35 C3H 

i\i *7 ?n f 4H m. aromatic-n j • 

l-H, 3-H and 4-H ( glucopyranosyl ) ] , 7.20 m. 

Preparation Example 97 
N a - [ 4-(Hydroxyamino)-2(R)-isopro P yl-3(R or S ) - [ 3- (p-amino- 
m ethy ipheny 1 ) propyl ] succinyl ] -O- ( -D-glucopyranosy 1 ) -L-ser xne 
N-raethyl amide • 1 acetate 

Hydrolysis of Compound No. 96 yielded the title compound 
as a white solid. 

FABMS (M + + 1): 586. 

Mi-NMR (D 2 0)<5 ppm; 0.7-0.9 (6H, in, OMCH^ ) , 1.1-1.7 (5H. m. 
CH(CH 3 > 2 ♦ CH-(CH^), 1-78 (3H. CJUC0 2 H>, 2.15 (1H, m 
S-CO). 2.4-2.6 (3H, m, CH-CO + C.H.-CH^) , 2.70 (3H, .. H-CH.) . 
T43 [1H, », 5-H (glucopyranosyl)], 3.5-4.0 [7H, m, CH.-C + 

3-H 4-H and 6-H (glucopyranosyl)], 4.00 (2H, m, CH.-NH.), 
4.32 <1H, m. NH-CH-CO), 5.25 [1H, m, l-H (glucopyranosyl)], 
7.18 (4H, m, aromatic-H). 

Preparation Example 98 
N 4 -[4-(3,4,4-Trimethyl-2,5-dioxo-imidazolidin-l-yl)-KS)- 

1 i_ j o/t? or q ) -f 3- (p-aminomethyl- 

methylcarbamoylbutyl]-N -hydroxy-2(R or S) I J tP 

phenyl)propyl]-3(R)-isopropyl S uccinamide. 1 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( p-benzy loxycar bony laminomethy Ipheny 1 ) -3 ( RS ) -tert-butyloxy- 
carbonyl-2(R)-isopro P ylhexanoic acid and 2 ( S ) -tert-butyloxy- 
carbonylamino-5- (3,4 , 4-trimethyl-2 , 5-dioxo-imidazol xdxn-l-y ) - 
pentanoic acid N-methylamide to provide the title compound as 
a white solid. 

FABMS (M ): 575. 1110/1 
l H-NMR (CD.ODM pp- ; 0.8-1.0 (6H, m. CHICH^ . . 1.1-1.8 «"H, 
s . .. CHCCH,). * CH-IO..). x 2 . C-CH, X 2,. 1.89 (3H. 



-14 2- 



CH3CO.H), 2.20 (1H, m, CH-CO) , 2.4-2.6 ( 3H , m, CH-CO + C 6 H.-CH, ) , 
2.67 (3H, s, N-CH3), 2.89 (3H, s, N-CH3 ) , 3.56 (2H,t, J = 6.3Hz, 
N-CH.), 4.01 <2H, s, CH,-NH 2 ), 4.38 (1H, m, NH-CH-CO) , 7.20 (4H, 
m, aromatic-H ) . 

Preparation Example 99 
N 4 - [ 2-Amino-2-methyl-l ( RS ) -methylcarbamoylpropyl ] -N -hydroxy- 
2(R or s)-[3-(p-guanidomethylphenyl)propyl]-3(R)-isopropyl- 

succinamide • 2 acetate 

The procedure of Preparation Example 23 was repeated using 
3 ( RS ) -tert-buty loxycarbony 1 6- [ p- ( N 1 , N 2 -dibenzy loxycarbony 1 - 
guanidomethyl)phenyl]-2(R)-isopropylhexanoic acid and 2(RS)- 
tert-butyloxycarbonylamino-3-benzyloxycarbonylamino-3-methyl- 

butanoic acid N-methylamide to provide the title compound as 
a white solid. 

FABMS (M + ): 492. 

X H-NMR (CD 3 OD)«5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ), 1.1-1.8 (HH, 
m, CH(CH 3 ) 2 -HC-CH3X 2 + CH- (CH a ) 3 ), 1.89 (6H, s, CH3.CO.HX 2), 
2.27 (1H, m, CH-CO), 2.4-2.6 (3H, m, CH-CO + C e H 4 -CH, ) , 2.72 
(3H, s, N-CH3), 4.21 (1H, m, NH-CH-CO), 4.26 (2H, s, 
C 6 H 4 -CH 2 -NH), 7.0-7.2 (4H, m, aromatic-H). 

Preparation Example 100 
N 4 - [ 3-Amino-2 , 2-dimethy 1-1 ( RS ) -methylcarbamoylpropyl ] -N - 
hydroxy-2(R or S ) - [ 3- ( p-guanidomethy lpheny 1 ) propyl ] -3 ( R ) - 
isopropylsuccinamide • 2 acetate 

The procedure of Preparation Example 23 was repeated using 
3(RS)-tert-butyloxycarbonyl 6- [ p- ( N 1 , N 2 -dibenzy loxycarbony 1- 
guanidomethyl)phenyl]-2(R)-isopropylhexanoic acid and 2(RS)- 
tert-butyloxycarbonylamino-4-benzyloxycarbonylamino-3 , 3- 

dimethylbutanoic acid N-methylamide to provide the title 
compound as a white solid. 
FABMS (M + ): 506. 

1 H-NMR (CD 3 OD)5 ppm; 0.85-1.0 (6H, m, CH (CH 3 ) 2 ), 1.1-1.8 
(11H, m, CH(CH 3 ) 2 + C-CH. x 2 + CH- (CH 2 ) 2 ), 1.90 (6H, s, 
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CHaCO.H x 2), 2.31 < 1H , m, CH-CO), 2.4-2.6 (3H, m, CH-CO + 
CeH.-CH^), 2.6-2.8 (5H, S, CH 2 -NH 2 + N-CH,) , 4.22(1H, m, 
NH-CH-CO), 4.28 <2H, s, C 6 H«-CH 2 -NH) , 7.1-7.4 (4H, m, 
aromatic-H ) . 

Preparation Example 101 
N 4 -[2-Amino-l(S)-methylcarbamoylpropyl]-N 1 -hydroxy-2(R or S>- 

[ 3- ( P -guanidomethy lpheny 1 ) propyl ] -3 ( R ) -isopropy 1 succinamide • 

2 acetate 

The procedure of Preparation Example 23 was repeated using 
3 ( RS ) -tert-butyloxycarbony 1 6- [ p- ( N 1 , N 2 -dibenzy loxycarbonyl- 
guanidomethyl)phenyl]-2(R)-isopropylhexanoic acid and 2(S)-tert- 
butyloxycarbonylamino-3-benzyloxycarbonylaminobutanoic acid 
N-methylamide to provide the title compound as a white solid. 
FABMS (M + ): 478. 

*-H-NMR (CD 3 OD)<5 ppm; 0.8-1.0 (6H, m, CH (CH 3 )a ) , 1.1-1.2 ( 4H , 
m, CH(CH 3 ) 2 + C-CH,), 1.3-1.7 <4H, CH-JCH.). ) , 1.90 <6H, s, 

CH 3 C0 2 H x 2), 2.34 (1H, m, CH-CO), 2.4-2.7 (3H, m, CH-CO + 
^-CHa), 2.73 (3H, s, N-CH,), 3.2-3.4 (m, CH-NH. ) , 4.28 (1H, 
m, NH-CH-CO), 4.33 (2H, s, CH.-NH. ) , 7.19 (4H, m, aromatic-H) . 

Preparation Example 102 
N a -[4-(Hydroxyamino)-2(R)-isopropyl-3(R or S)-[ 3- (p-guanido- 
methylphenyl )propyl ] succinyl ] -O- ( 2 , 3 , 4 , 6-tetra-O-acetyl-^ -D- 
glucopyranosyl)-L-serine N-methylamide- 1 acetate 

The procedure of Preparation Example 23 was repeated using 
3 ( RS ) -tert-butyloxycarbony 1 6- [ p- ( N 1 , N 2 -dibenzy loxycarbony 1 - 
guanidomethyl)phenyl]-2(R)-isopropylhexanoic acid and N -tert- 
butyloxycarbony l-O- (2,3,4, 6-tetra-O-acetyl-0 -D-glucopyranosyl ) - 
L-serine N-methylamide to provide the title compound as a white 
solid. 

FABMS (M + ): 795. 

*H-NMR (CD 3 OD)<5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ), 1.1-2.1 (17H, 
m, CH(CH 3 ) 2 + CH- (CH 2 ) 2 + CH 3 CO-x 4), 1.89 (3H, s, CH.CO.H), 
2.35 (1H, m, CH-CO), 2.4-2.7 (3H, m, CH-CO + C.H.-CH. ) , 2.80 



(3H, S, N-CH3), 3.76 <2H, m, CH.-Q), 4.0-4.6 [7H, m, NH-CH-CO + 
CH 2 -NH 2 + 2-H, 5-H and 6-H ( glucopyranosyl ) ] , 4.9-5.3 [3H f m, 
T^H, 3-H and 4-H (glucopyranosyl)], 7.1-7.3 (4H, m, aromatic-H). 

Preparation Example 103 
N a -[4-(Hydroxyamino)-2(R)-isopropyl-3(R or S ) - [ 3- ( p-guanido- 
methylphenyl ) propyl ] succinyl ] -O- ( * -D-glucopyranosy 1 ) -L-serine 
N-methyl amide • 1 acetate 

Hydrolysis of Compound No. 102 yielded the title compound 
as a white solid. 

FABMS (M + +1): 6 28. 

X H-NMR (D 2 0)6 ppm; 0.7-0.9 (6H, m, CH (CH 3 ) 2 ), 1.0-1.7 (5H, m, 
CH(CH 3 ) 2 + CH- (CH a ) 3 ), 1.80 (3H, s, CH^CO.H), 2.17 (1H, m, 
CH-CO), 2.4-2.6 (3H, m, CH-CO + C 6 H 4 -CH, ) , 2.71 (3H, s, N-CH3 > , 
3.41 [1H, m, 5-H (glucopyranosyl)], 3.5-4.0 [7H, m, CH.-0 + 2-H, 
3-H, 4-H and 6-H (glucopyranosyl)], 4.2-4.4 (3H, m, C 6 H 4 -CH,-NH 2 
+ NH-CH-CO), 5.26 [1H, m, 1-H (glucopyranosyl)], 7.20(4H, m, 
aromatic-H ) . 

Preparation Example 104 
N 4 -[4-(3,4,4-Trimethyl-2,5-dioxo-imidazolidin-l-yl)-KS)- 

methylcarbamoylbutyl]-N 1 -hydroxy-2(R or S ) -[ 3- ( p-guanidomethyl- 
phenyl)propyl]-3(R)-isopropylsuccinamide- 1 acetate 

The procedure of Preparation Example 23 was repeated using 
3 ( RS ) -tert-buty loxycarbony 1 6- [ p- ( N 1 , N 2 -dibenzy loxycarbonyl- 
guanidomethyl)phenyl]-2(R)-isopropylhexanoic acid and 2(S)-tert- 
buty loxycarbonylamino-5- (3,4, 4-trimethyl-2 , 5-dioxo-imidazolidin- 
l-yl)pentanoic acid N-methylamide to provide the title compound 
as a white solid. 
FABMS (M + ): 617. 

X H-NMR (CD 3 OD)<5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ), 1.1-1.8 (15H, 
s + m, CH(CH 3 ) 2 + CH- (CH 2 ) 2 x 2 + C-CH. x 2), 1.92 (3H, s, 
CH.CO.H), 2.23 (1H, m, CH-CO), 2.45-2.6 (3H, m, CH-CO + 
CeH.-CH.), 2.70 (3H, s, N-CH3 ) , 2.89 (3H, S, N-CH, > , 3.56 
(2H, t, J=6.3Hz, N-CH.), 4.01 (2H, s, CH.-NH. ) , 4.3-4.4 (3H, 



m, C.H 4 -CH a -NH + NH-CH-CO), 7.18 (4H, m, aromatic-H ) . 

Preparation Example 105 
N a -[4-(Hydroxyamino)-2(R)-isobutyl-3(R or S ) - [ 3- (p-carbamoyl- 
phenyl )propy 1 ] succinyl ] -L-lysine N-methylamide • 1 acetate 

A mixture of Compound No. 65 (300 mg, 0.592 mmol) and 
28% aqueous ammonia (30 ml) was stirred for 10 days at room 
temperature. The reaction mixture was concentrated, dissolved 
in 0.1N acetic acid, and purified by column reversed phase 
chromatography (25 g of Chromatorex ODS-1020T, Fuji Silysia 
Chemical, Japan; eluted with a gradient of 1 to 20% 
methanol/0.1% aqueous acetic acid), and then lyophilized to 
give the title compound as a white solid. 
FABMS (M + + 1) : 493. 

X H-NMR (CD 3 0D)5 ppm; 0.8-0.9 (6H, m, CH (CH 3 )a ), 1-05 (1H, m, 
CH(CH 3 ) 2 ), 1.2-1.8 (12H, m, CH- (CH 2 ) 3 + CH- (CH 2 ) 2 + CH.-CH ( CH 3 ) 2 ) , 
1.92 (6H, s, CH.CO.H), 2.20 (1H, m, CH-CO), 2.53 (1H, m, CH-CO), 
2.65 (2H, m, C 6 H 4 -CH, ) , 2.71 (3H, s, N-CH, > , 2.86 (2H,t, 
J=7.7Hz, CH.-NH.), 4.21 (1H, m, NH-CH-CO), 7.25 and 7.78 ( 2H 
each, m, aromatic-H) . 

Pre paration Example 106 
N a _ [ 4 _ ( Hydroxyamino ) -2 ( R ) -isopropy 1-3 ( RS ) - [ 3- ( p-aminomethy 1- 
phenyl) propyl] succinyl ]-L-ornithine N-methylamide • 2 acetate 

The procedure of Preparation Example 23 was repeated using 
6- ( P -benzy loxycarbony laminomethy lpheny 1 ) -3 ( RS ) -tert-buty loxy- 
carbonyl-2(R)-isopropylhexanoic acid and Compound No. 7 to 
provide the title compound as a white solid. 
FABMS (M + + 1) : 451. 

*H-NMR (DMSO-d 6 )5 ppm; 0.85-0.86 (6H, m, CH(CH 3 ) 2 ), 1.1-1.9 
(15H, m, CH(CH 3 ) 2 * CH- (CH 2 ) 2 x 2 + CH.CO.H x 2), 3.83 (2H. s, 
CH 2 -NH 2 ), 7.0-7.3 (4H, m, aromatic-H). 
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Preparation Example 107 
N 4 -[2-Amino-l(S)-methYlcarbamoYlethyl]-N 1 -h Y droxY-2(R or S ) - 
[3-(p-aminomethylphenyl)propyl]-3(R)-isopropylsuccinamide- 

2 acetate 

The procedure of Preparation Example 23 was repeated using 
6-(p-benzyloxycarbonylaminoniethylphenyl)-3(RS)-tert-butyloxy- 

carbonyl-2(R)-isopropylhexanoic acid and 2 ( S ) -tert-butyloxy- 
carbonylamino-3-benzyloxycarbonylaminobutanoic acid N-methyl- 
amide to provide the title compound as a white solid. 
FABMS (M +1): 422. 

X H-NMR (CD 3 OD)<5 ppm; 0.8-1.0 (6H, m, CH (CH 3 ) 2 ), 1.1-1.2 (1H, 
O m, CH(CH 3 ) 2 ), 1.2-1.8 (4H, m, CH- (CH 3 ) 3 ), 1.9 (6H, s, CH^CO.H x 

O 2)f 2>28 (1H , m , CH-CO), 2.4-2.6 (3H, m, CH-CO + C e H 4 -CH. ) , 

{(J 2.68 (3H, s, N-CH3), 4.02 (2H f s, Ph-CH 2 -NH 2 ) , 4.3 (1H, m, 

i A NH _ CH _CO), 7.21 (4H, m, aromatic-H). 



S.J. 
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Biological Example 1 



As say for inhibition of collagenase 

The efficacy of compounds of the present invention to 
act as inhibitors of human fibroblast collagenase was 
determined by the procedure of Y. Murawaki et al. (Journal of 
Hepatology, 18, p. 328-334, 1993), compared with a reference 

compound . > 

Procollagenase was activated by incubatipii with 2 mM 

4-aminophenylmercuric acetate (APMA) at 35°C for/ hours. 
The inhibition was assayed using, as a substrat/, fluorescein- 
labeled bovine type I collagen. To a solatia/ of the substrate 
(0.5 mg/ml) in a 50 mM Tris-HCl buffer, pH /. 5 , containing 0.4M 
aqueous sodium chloride and 10 mM aqueous/potassium chloride 
was added the activated collagenase. Th4 resultant solution 
was incubated at 35°C for 2 hours. Th/ digestion of the 
substrate with the enzyme was stopped by addition of 8 0 mM 
o-phenanthroline, followed by addit/on of a porcine elastase 
solution formed by dissolving 25yVml porcine elastase in the 
aforementioned Tris-HCl buffer. Ahe mixture was incubated at 
37°C for 10 minutes. To the r/sulting solution was added 70% 
ethanol, and a 170 mM Tris-Hol buffer, P H 9.5, containing 0.67M 
aqueous sodium chloride. u/digested substrates were 
precipitated by centrif ugation at 3000 x g for 20 minutes. 
The supernatant was coll/cted and the fluorescence was read 
using an excitation wavelength of 495 nm and an emission 
wavelength of 520 nm./ The inhibitory potency of the compounds 
was calculated. IC / represents the concentration of each test 
compound requited 4ot 50% inhibition of cleavage of substrates 
by the enzyme alone. The resulting assay data for 
representative ^camples are shown in Table 1, compared with 
the reference /ompound. The Reference Compound No. 1 is 
N- [ 4- ( N-hydraxyamino ) -2 ( R ) -n-propy loxymethy 1-3 ( S ) -isopropyl- 
thiomethylsyccinyll-O-methyl-L-tyrosine-N-methylamide which is 
synthesize/ according to the procedure of USP No. 5,442,110. 
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Table 1 



Inhibitory Activity on MMP-1 (IC 50f nM) 



Compounds 


Inhibition of MMP-1 


uompounus 


inniDiiion oi inir a 


Compound No, 24 


5 


Compound no. /i 


4 


Compound No. 25 


10 


Compound wo. /o 


11 


Compound No. 27 


7 


Compound No. 78 


18 


Compound No. 28 


10 


Compound No. 79 


5 


Compound No. 30 


10 


Compound No. 80 


9 


Compound No. 31 


12 


Compound No. 81 


13 


Compound No. 34 


13 


Compound No. 82 


4 


Compound No. 36 


14 


Compound No. 84 


11 


Compound No. 46 


15 


Compound No. 91 


17 


Compound No. 50 


13 


Reference Compound Ho. 1 


11 


Compound No. 51 


9 
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Biological Example 2 

Assay for inhibition of stromelysin 

" The efficacy of compounds of the present invention to 

act as inhibitors of human fibroblast stromelysin was 
determined by the procedure of Twining (Anal. Biochem., 143, 
p 30, 1984), compared with a reference compound. 

Prostromelysin was activated by incub^ion with 
20, g/ml human plasmin at 37°C for 2 hours^Cd the reaction 
was stopped by addition of 2.8 mg/ml aqueous diisopropyl 
fluorophosphate. The inhibition was as/ayed using, as a 
substrate, f luorescein-labeled caseip^ To a solution of the 
substrate (1 mg/ml) in a 50 mM TrL^HCl buffer, P H 7.8, 
containing lOmM aqueous calcium/hloride was added the 
activated stromelysin. The resultant solution was incubated at 
37°C for 2 hours. The dige^ion of the substrate with the 
enzyme was stopped by add/tion of 5% trichloroacetic acid. 
Undigested substrates /re precipitated by centrif ugation at 
3000 x g for 20 minutes. The supernatant was collected, 
followd by additon/f a 0.5M Tris-HCl buffer, P H 8.5. 
The fluorescence/as read using an excitation wavelength of 
495 nm and an emission wavelength of 520 nm. The inhibitory 
potency of th/ compounds was calculated. IC^ represents the 
concentratiZ of each test compound requited for 50% inhibition 
of cleavie of substrates by the enzyme alone. The resulting 
assay Zta for representative examples are shown in Table 2, 
compared with the reference compound. 

' All isomers of the compounds of the present invention 

having the same optical configurations as the Reference 
Compound exert more intense inhibition than those of the 
Reference Compound. 
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Table 2 



Inhibitory Activity on MMP-3 (IC gQf nM) 





nhibition of MMP-3 


Compounds 


nhibition of MMP-3 


bompounu no. c^j 


16 


Compound No. 42 


24 


Lompouna wo. c** 


18 


Compound No. 44 


17 


tompouno no. t-o 


40 


Compound No. 46 


42 


Lompouna wo. c / 


60 


Compound No. 50 


9 


Compound no. 


12 


Compound No. 51 


2 


Compound No. 31 


11 


Compound No. 52 


23 


Compound No. 32 


12 


Compound No. 54 


10 


Compound No. 33 


12 


Compound No. 61 


23 


Compound No. 34 


11 1 


Compound No. 68 


14 


Compound No. 35 


19 1 


Compound No. 69 


20 


Compound No. 36 


9 


Compound No. 70 


28 


Compound No. 37 


50 


Compound No. 74 


62 


Compound No. 41 


18 


Reference Compound No. 1 


L 100 



p 



- 1 5 1 - 
Biological Example 3 



Assay for inhibition of ™f- « Production 

Human monocytic leukemia cell line 0937 (human 
histiocytic lymphoma cell line U937) cells were cultured xn 
RPMI 1640 (Nissui Pharmaceutical Co., Ltd., Japan) supplemented 
with 5% fetal calf serum (FCS; IBL, Japan) in an incubator 
at 37°C under 5% CCy then transferred to multiplates at a 
density of 1 x 10 6 cells/1 ml/well, and incubated overnight 
in the presence of 10~ 7 M phorbol 12-myristate 13-acetate 
(Wako Pure Chemical Industries, Ltd., Japan) to form 
differentiated macrophage-like cells. To the resultant cells 
was added coli Ol27 :B8 lipopolysaccaride (LPS, 0.1 , g/ml; 
Sigma) alone or along with each compound of the present 
invention, and the treated cells were then incubated for 6 
hours in an incubator under 5% CQ 2 at 37°C. After the 
incubation, the cultures were collected and centrifuged at 
3000 rpm for 10 minutes to give supernatants which were diluted 
with purified water and then assayed using a TNF— CL assay kit, 

Genzyme (Table 3). The Reference Compound No. 2 is N -[3S- 
hydroxy-4-(N-hydroxyamino)-2R-isobutylsuccinyl]-L-tert-leucxne- 

N^methylamide which is synthesized according to the procedure 
of GB 2,268,934 A. 



Table 3 



Inhibitory Activity onTNF-o Convertase (IC 50 , nM) 



Compounds 


Inhibition of TACE 


Compound No. 22 


2080 


Compound No. 23 


1193 | 


Compound No. 24 


480 1 


Compound No. 34 


1040 


Compound No. 41 


1012 1 


Compound No. 44 


129 1 


Compound No. 46 


460 


Compound No. 47 


210 1 


Compound No. 50 


599 


Compound No. 51 


426 


Compound No. 54 


340 


Compound No. 55 


279 


Compound No. 58 


942 


Compound No. 61 


1098 | 


Compound No. 62 


2893 1 


Compound No. 65 


421 


Compound No. 67 


527 


Compound No. 71 


352 


Compound No. 72 


250 


Compound No. 74 


603 


Compound No. 81 


737 


Compound No. 89 


1900 


Reference Compound No. 


2 3300 



Biological Example 4 



Assay for Oral Absorption in Rat 

Each compound of the present invention was dissolved 
in distilled water for injection and orally administered to 
rats (Lewis strain line, male, body weight: about 200 g ) at a 
dose of lOOmg/kg. From 30 minutes to 4 hours after the 
administration, a series of blood chronologically collected 
from rat fundus oculi were centrifuged (3000rpm for 10 minutes 
at 4°C) to give plasma samples. Each plasma sample (200^ 1) 
was filtered through an ultrafiltration membrane by 
centrifugation at 1500 x G for 3 minutes using a micropartition 
UF unit (Centrifree-MPS-3: 30,000 MW cut-off, Amicon Corp., 
Beverly, MA). The resultant filtrate (10 n 1) was mixed with 
20 a 1 of purified rabbit MMP-3 activated with 1.5mM APMA, 
along with 60 n 1 of a synthetic substrate solution (MocAc-Arg- 
Pro-Lys-Pro-Val-Glu-Nva-Trp-Arg-Lys ( Dnp ) -NH^ , Peptide 
institute inc., Japan), and the mixture was incubated at 37°C 
for 2 hours. The reaction was stopped by adding 900^ 1 of 3% 
aqueous acetic acid to the reaction mixture. The fluorescence 
of the resulting solution was read using an excitation 
wavelength of 325 nm and an emission wavelength of 393 nm. 
The concentration of each test compound in rat plasma samples 
was calculated using a standard curve which was prepared based 
on a variety of doses. An area under the dose plasma 
concentration-time curve from 0.5 to 4 hours after the drug 
administration (AUC c ) for each compound was calculated from 

0 • D — 4 

the resulting data (Table 4). 
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Table 4 



Area under Dose Plasma Concentration - 
Time Curve of Compound (AUC 0 5 _ 4 ) 



V/Ompounas 


AUCa c a (ng • h/ml ) 


Compound No. 


9128 


uompouna no. 


4757 


Compound No. or 


14996 


_ Mfe I |Hh J lift « I 

Compound No. 41 


3131 


Compound No. 4£ 


6255 


Compound No. 4o 


3289 


Compound No. 44 


1929 


Compound No. 45 


7067 


Compound No. 46 


3379 


Compound No. 4o 


20203 


Compound No. 49 


15292 


Compound No. 53 


4816 


Compound No. 61 


13765 


Compound No. 63 


5662 


Compound No. 69 


3339 


Compound No. 72 


4042 


Compound No. 74 


9025 


Reference Compound Ho J 


2 1574 



B iological Example 5 

Acute Toxicity Study 

Each compound of the present invention was dissolved 
in distilled water for injection to make the concentration 
10 mg/ml. The resulting solution was intravenously injected 
into a mouse tail at a dose of 10 mg/kg. During 8 days, the 
conditions of rats were observed. The animals received each 
compound of the present invention (Compound Nos. 22 to 46) were 
found to neither die nor reduce their body weight. 

Described below are pharmaceutical preparations 
containing the compound (I) provided by the present invention. 

Fo rmulation Example 1 

Oin tments : 

Ointments each containing the following ingredients 
were prepared according to conventional techniques: 



A; 



B; 



C; 



Ingredients 


Amount 


White Petrolatum 
Liquid Paraffin 
Compound No. 51 


93 g 
5 g 
2 g 


Total Amount 


100 g 


Ingredients 


Amount 


White Petrolatum 
Purified Lanolin 
Compound No. 47 


94 g 

5 g 
i g 


Total Amount 


100 g 


Ingredients 


Amount 


White Petrolatum 
Compound No. 56 


96 g 
4 g 



Total Amount 100 g 



■ 3 
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Formulation Example 2 



Ophthalmic solutions: 



Ophthalmic solutions e 



ach containing the following 



ingredients were prepared according to conventional techniques; 



A; 



B; 



i ngredients 
Compound No. 2 3 
Sodium Chloride 
Ste rile Purified Water 
Total Volume 



Amoun t 

2 g 
0.33 g 
qs 



100 ml 



I ngredients 
Compound No. 3 6 
Sodium Chloride 

Sodium Dihydrogenphosphate anhydrous 

Disodium Phosphate anhydrous 

0.002% Aqueous Benzalkonium Chloride 



Amount 

5 g 
0.26 g 
0.56 g 
0.28 g 

qs 



Total Volume 



100 ml 



*(3? 

5 = 



C; 



Ingredients 



Compound No. 2 5 

Sodium Chloride 

Sodium Sulfite Anhydrous 

Sterile Purified Water 



Total Volume 



Amount 
1 9 

0.33 g 
0.10 g 

qs 



100 ml 



D; 



Ingredients 



Compound No. 5 5 
Sodium Chloride 
Ster ile Purified Water 
Total Volume 



Amount 



1 g 

0.33 g 

qs 

100 ml 



Formulation Example 3 



Injections 



reparations for injection each containing the 
c * -to conventional 



following ingredients were formulated according 
techniques : 



A; 




B; 



Ingredients 



Compound No. 82 
Sodium Chloride 
Distilled water_^or_Jnject^ 



Amount 

2 g 
0.9 g 

qs 



C; 



Total Volume 
Ingredients 



100 ml 



Amount 



1 g 



Compound No. 58 

Sodium Dihydrogenphosphate anhydrous 2 8 mg 
Disodium Phosphate anhydrous 
Sodium Chloride 

_Di^tUJ L ed_J^ — 

Total Volume 



167 mg 
0.9 g 

qs 



100 ml 



Formulation Example 4 



Tablets 



we 



A; 



Tablets each containing the following ingredients 
re prepared according to conventional techniques: 

Ingredients 
Compound No. 9 
Lactose 
Corn starch 

Hydroxypropyl Cellulose 
Magnesium stearate 




Total Amount 



250 mg 



•'3 
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B; 



Ingredients 
Compound No. 2 3 
Lactose 
Corn starch 

Hydroxypropyl Cellulose 
Carboxymethylcellulose Calcium 

jnesium ste 
Total Amount 



In Each 

50 mg 
120 mg 
15 mg 
4 mg 
10 mg 
1 mg 
200 mg 



Formulation Example _5 

5£i ^ : Granules each containing the follow!., ingredients 
were prepared according to conventional techr.io.ues = 



Ingredients — 

Compound No. 7 4 
Lactose 
Corn starch 
jiydroxypropy^^ 



Amount 
2 g 

1.85 g 
1.1 g 

50 mg 



Total Amount 



5 g 



imrmnlation Example^ 

SSS ^" capsules each containing the following ingredients 
we re prepared according to conventional techniques: 



Ingredients 



Amount 



Compound No. 80 
Lactose 
Corn starch 
Magnesium stearate 
Total Amount 



100 mg 
3 5 mg 
60 mg 
5 mg 
200 mg 
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meanings set 
[Tms^ 

N a =N a 
N e =N £ 
N d =N 5 
N 9 =N S 



The following sim^ are intended to have the 

£win the specification and the appended 




Industrial Applicability 
The compounds provided by the present invention, 
for example, the compounds of the formula (I), exert potent 
.etalloproteinase-inhibiting activity and have not only 
excellent inhibitory actions on MMPs and/or TNF- CI converses 
but also remarkably improved bioavailablity , in comparison with 
the prior art compounds. Accordingly, these compounds can be 
applied to diseases and/or disorders associated with tissue 
degradation, leading to unexpectedly excellent actions and 
effects and promising therapeutic and/or prophylactic results. 

While the present invention has been described 
specifically in detail with reference to certain embodiments 
and examples thereof, it would be apparent that it is possible 
to practice it in other forms. In light of the disclosure, 
it will be understood that various modifications and variations 
are within the spirit and scope of the appended claxms. 



